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PREFACE

Except for the public water supply of Baltimore City, the Baltimore area
is dependent largely upon ground water for its water supply. Even within
the boundaries of the Baltimore public water supply, ground water better
meets many industrial requirements than does the public supply of surface waler.

The concentration of the major industries around the Patapsco River in and
below the City of Baltimore had long ago led to overpumping in the more
highly developed industrial districts, resulting in excessive lowering of the
water levels and contamination of the ground waters. The augmented de-
mands of the expanding industries during World War II threatened further
depletion and contamination of the ground-water supplies.

A cooperative investigation of the ground-water resources of the Baltimore
area was started in the winter of 1943 by the United States Geological Survey
and the Maryland Department of Geology, Mines and Water Resources. Mary-
land funds under the cooperative agreement were provided by special appropria-
tions from the Board of Public Works and the Bureau of Water Supply of the
City of Baltimore to carry the work to the end of the fiscal year 1945. During
that period the major part of the field work was completed. Since July 1,
1945, the Maryland share of the cost has been provided from the budget of
the Department of Geology, Mines and Water Resources.

The assembling and interpretation of the field data has been a huge task.
At the same time Messrs. Bennett and Meyer continued augmenting the field
data and kept in touch with current ground-water developments. Much of
their time also has been diverted to the investigations in Southern Maryland
and other parts of the State that were initiated when regular budget appropria-
tions for ground-water investigations became available beginning July 1, 1945.
Rapidly increasing service calls for ground-water information and aid have
also demanded much of their time since 1945. The exigencies of the overall
ground-water program in Maryland consequently have retarded the comple-
tion of this report.

The report has been prepared with most commendable care and thorough-
ness. It presents an analysis of the ground-water resources of the Baltimore
area and recommendations regarding their future use and development that
are of great value to the existing industries and that will be of inestimable
value in guiding further industrial development in the area.
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GEOLOGY AND GROUND-WATER
RESOURCES OF THE BALTIMORE
AREA

BY
ROBERT R. BENNETT and REX R. MEYER

ABSTRACT

The Baltimore arca comprises the city of Baltimore, and most of the area
from the Susquehanna River south to Laurel, essentially between the Piedmont
Plateau and the Chesapeake Bay. Most of the large ground-water developments
are in the industrial districts in and near Baltimore; consequently that part of
the area was investigated in greater detail. With the exception of the northern
part of Baltimore, which is in the Piedmont Plateau, the area is chiefly in the
Coastal Plain.

The Piedmont Plateau is underlain by pre-Cambrian crystalline rocks con-
sisting mostly of gabbro, schist, granite, and gneiss. Owing to their greater
resistance to erosion the land surface of the plateau is higher and more rugged
than the Coastal Plain, which is underlain by soft unconsolidated sediments
of Lower and Upper Cretaceous and Pleistocene ages. The land surface of
the Coastal Plain slopes gently southeastward toward Chesapeake Bay. In some
places estuaries, which are tributaries of Chesapeake Bay, extend northwestward
across the Coastal Plain to the Piedmont Plateau.

The Coastal Plain sediments were deposited on the southeastward-sloping
surface of the crystalline rocks. They form a wedge-shaped mass that thickens
progressively from west to east. The strike of the formations of Cretaceous
age is approximately parallel to the boundary between the Piedmont Plateau
and the Coastal Plain (Fall Line). As these formations dip gently to the
southeast they crop out as bands of irregular width trending northeast. The
Pleistocene deposits are essentially flat lying and were deposited on the eroded
surface of the pre-Cambrian and Cretaceous rocks.

In most of the area the sediments of Lower and Upper Cretaceous age, which
consist essentially of irregular and lenticular beds of sand, gravel, and clay of
continental origin, may be divided into three formations: the Patuxent forma-
tion of Lower Cretaceous age, and the Arundel clay and Patapsco formation
of Upper Cretaceous age. Their combined thickness ranges from about 475
to 750 feet. The Pleistocene deposits, which consist chiefly of irregular beds
of sand, gravel, and clay of continental and estuarine origin, are divided, in
this report, into an upland and lowland unit. The combined thickness of these
units ranges from nearly nothing to 175 feet.
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2 GROUND-WATER RESOURCES OF THE BALTIMORE AREA

Owing to the great difference in water-bearing properties of the crystalline
rocks in the Piedmont Plateau and the unconsolidated sediments in the Coastal
Plain, ground water occurs under two widely different sets of conditions. In
the crystalline rocks the water is contained chiefly in joints and other fractures
which are not uniform in size and gradually disappear with depth, consequently
the water-bearing zones are very irregular and inhomogeneous. The sand and
gravel in the Coastal Plain sediments are considerably more porous and perme-
able and form relatively uniform and widespread aquifers. In general watet-
table conditions occur in the outcrop areas of the crystalline rocks and the
Coastal Plain sediments, but down dip from the outcrops the ground water
occurs under artesian conditions. Because of their low permeability, where
they underlie a substantial thickness of unconsolidated sediments the crystalline
rocks are not considered to be an aquifer in most of the Coastal Plain area.

The reported yields from 106 industrial wells ending in the crystalline rocks
in Baltimore show an average yield of 50 gallons a minute, and a median
yield of 35; the mode, or most typical value, is 10 gallons a minute. The
reported yields range from 0 to 350 gallons a minute.

Industrial weils in the Patuxent formation in and near its outcrop have yields
of about 200 to 300 gallons a minute, whereas wells in this formation down
dip in the southeastern part of the area have yields of about 500 to 900 gallons
a minute. Pumping tests and flow net analysis show that the coefficient of
transmissibility of the Patuxent formation, the principal water-bearing formation
in the area, averages about 20,000 gallons a day per foot in the industrial
districts near the outciop, and about 50,000 in the industrial districts in the
southeastern part of the area. The coefficient of storage of the Patuxent forma-
tion, under artesian conditions, is about 0.00026; under water-table conditions

in the outcrop area, it is estimated to be 0.15 to 0.20.
The Patapsco formation is an important water-bearing formation in the

southeastern part of the industrial area where it is separated by clay into a
lower and upper aquifer. The lower aquifer yields as much as 500 to 750
gallons a minute to industrial wells. Its cocfficient of transmissibility averages
about 25,000 gallons a day per foot. The upper aquifer, which yields as much
as 500 to 800 gallons a minute to wells, has a greater thickness than the lower
aquifer, so that its coefficient of transmissibility probably is more than 25,000.
The upland unit of the Pleistocene deposits is thin and caps the hills and
ridges and is not an important aquifer. In some places, the lowland unit is
sufficiently thick and permeable to yield large quantities of water to wells.
The large ground-water supplies in the industrial area have been developed
since about 1900. The pumpage increased progressively to a peak of about
47,000,000 gallons a day early in 1942. Late in 1942 the pumpage was
decreased by about 13,000,000 gallons a day and in 1945 was 34,000,000 gallons
a day. From 1942 to 1945 the pumpage outside the industrial area increased




ABSTRACT 3

from about 3,000,000 to 5,000,000 gallons a day. The total pumpage in
1945 for the entire area was 39,000,000 gallons a day. The pumpage, in
gallons a day, from cach water-bearing formation, is approximately: pre-
Cambrian crystalline rocks, 1,000,000; Patuxent formation, 30,000,000; Patapsco
formation, 6,000,000; and Pleistocene deposits, 3,000,000.

Originally the artesian head in the aquifers generally was within a few
feet of the land surface, but with the progressive increase in pumpage during
1940 to 1942 the artesian head in the Patuxent and Patapsco formations, in
and near the centers of pumpage, declined respectively to as much as 160 and
190 feet below the land surface. The decrease in pumpage late in 1942
resulted in a rise in the artesian head; and at present, in most of the industrial
area, the artesian head in the Patuxent and Patapsco formations ranges, re-
spectively, from about 40 to 100 and 10 to 50 feet below the land surface.
Detailed records of water-level fluctuations in observation wells show that
during 1943-45 the general trend of water levels in most parts of the area
was either slightly upward or essentially horizontal.

The ground water in the Baltimote area normally has a low mineral content,
but the lowering of the water table or artesian head has caused salt water,
chiefly from the Patapsco River estuary, to enter the aquifers and spread
laterally throughout a large part of the industrial area.

Industrial wastes, chiefly sulfuric acid, also have contaminated the ground
water in a small part of the industrial area.

The contamination of aquifers through leaking wells is a serious ground-
water problem in the industrial area. As the artesian head in the Patuxent
formation is lower than it is in the Patapsco formation or Pleistocene deposits,
highly mineralized water may enter a well through a defective casing or
move downward outside an improperly sealed casing and contaminate the
water in the Patuxent formation. Although this problem is now setious, the
repair of leaking active wells and effective plugging of abandoned wells would
appreciably reduce this contamination in a relatively short time.

Practically all ground water pumped in the Baltimore area is derived from
precipitation on the outcrops of the aquifers. The potential rate of recharge
to the aquifers in the Coastal Plain exceeds the theoretical maximum quantity
of water that can be transmitted through them. The rate of recharge, therefore,
does not limit the quantity of water that can be pumped in the artesian part
of the area.

The concentration of pumping has caused the water table or artesian head
in the Patuxent formation to be so low in and near some of the centers of
pumping that very little additional water can be developed from that forma-
tion in those parts of the industrial area. The water table or artesian head
between the centers of pumping, however, is relatively high and if the wells
were spaced at greater distances additional water could be pumped. The




4 GROUND-WATER RESOURCES OF THE BALTIMORE AREA

heavy pumping from the Patuxent formation, chiefly in and near its outcrop
adjacent to the Patapsco River estuary, has caused local encroachment of salt
water. However as pumping in and near that part of the outcrop area pre-
vents most of the salt water now in the formation from moving to major well
fields in the other industrial districts, it would not be advisable to decrease
or discontinue this pumping.

Heavy pumping over a period of many years throughout the industrial arca
has caused local encroachment of salt water in the Patapscc formation, so that
most of the pumping from the formation has been discontinued. The present
pumpage is chiefly from the aquifer in the lower part of the formafion in the
southeastern part of the area where a large part of the water is derived from
areas in which the Patapsco formation contains fresh water. Although this
pumping is still causing encroachment of salt water, it would not be desirable to
discontinue the pumping at least until all leaking wells drilled to the Patuxent
formation are repaired or plugged. Even if the pumping were discontinued,
many decades would pass before the salt water in the formation would be
flushed out. It would not be advisable, however, to develop additional supplies
of ground water from this formation in the industrial districts up dip as they
are near the main soutce of contamination.

The economic value of ground water in the industrial area is different for
various types of uses and there is little uniformity in the chemical quality of
water that can be used. The application of the term safe yield in the sense
that it represents a single rate of pumping for the entire industrial area would
be unrealistic. It is apparent that owing to the contamination of the water
the safe yield has been exceeded for some industries.

INTRODUCTION
GEOGRAPHY

The Baltimore area, as the term is used in this report, comprises the city
of Baltimore and parts of Harford, Baltimore, Anne Arundel, and Howard
Counties (fig. 1). The area is bounded on the north by the Susquehanna
River and extends south to the vicinity of Laurel, which is about midway
between Baltimore and Washington. Chesapeake Bay and the Piedmont Plateau
form, respectively, the approximate eastern and western boundaries. As most
of the large ground-water developments are in the industrial districts in and
near Baltimore (fig. 2), that part of the area was investigated in more detail.

According to the census of 1940 Baltimore had a population of 859,100,
and was the seventh largest city in the country (Pl. 18, frontispiece). During
World War II, thousands of people moved to Baltimore to work in war
industries and much of the resulting increase in population has been re-
tained. The postwar metropolitan population is more than 1,000,000 and
Baltimore is the sixth largest city in the country.
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INTRODUCTION 7

The area outside Baltimore and its environs is less densely populated and
in general has a rural appearance. In 1940, Havre de Grace and Aberdeen,
the largest towns within the area northeast of Baltimore, had populations of
4,967 and 1,525, respectively. Their population rose during the recent war
owing to the expansion of the military establishments in their vicinity. Laurel,
the largest incorporated town in the southern part of the area, in 1940 had
a population of 2,823; and Glen Burnie, which is unincorporated, had an
estimated population of 625. Those towns also expanded considerably during
World War II owing to their proximity to military establishments or war
industries.

Baltimore is one of the world’s largest seaports as well as a large manufac-
turing center. Many of the factories are near the Patapsco River estuary where
they are served by ocean-going vessels that bring in raw materials. During
1939 Baltimore was third among the seaports in the United States in the
tonnage of waterborne commerce, and second in the volume of foreign trade.

Products too numerous to list are manufactured in the Baltimore industrial
area. Some of the large industries are: the world’s largest tidewater steel
plant, one of the largest airplane plants, shipbuilding and ship-repair plants,
radio and telephone equipment industries, the largest spice factory in the
world, the largest bottle-cap factory, the largest producer of portable electrical
tools, the largest copper refinery, and one of the largest whiskey industries.

Most of the area outside of the Baltimore industrial area is farmed, but
military establishments occupy a substantial part. Among the largest of
these establishments are the Aberdeen Proving Ground near Aberdeen, the
U. S. Army Chemical Center near Edgewood, and Fort George G. Meade near
Odenton.

Sand and gravel are mined at several localities for use in construction of
roads and for building purposes; clay, used principally in the manufacture
of bricks, is mined at a few localities.

PURPOSE AND SCOPE OF INVESTIGATION

Ground water, which is used in the Baltimore area for industrial, public, and
domestic purposes, has been developed chiefly for the following reasons: (1) the
relatively low cost of producing water from wells; (2) the uniform tempera-
ture of the water, which is lower in the summer than that of surface water,
an important factor in cooling operations in industries; and (3) the low
mineral content of the water, a requirement for the use of water in boilers
and for processing in some industries. In the past, many ground-water supplies
were developed without benefit of a knowledge of the geology or hydrology of
the area; as a result, in some parts of the arca, the water-bearing formations
became contaminated with highly mineralized waters and the static water
levels in wells lowered markedly. In recent years these serious conditions
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caused concern over the possibility that the valuable ground-water supplies
might be ruined by widespread contamination or be depleted seriously by
overpumping or improper development.

It is difficult to determine accurately the value of the ground-water supplies
in the Baltimore area, as the water is used for many different purposes.
Geyer (1945, pp. 12-13) computed that the loss of the water obtained
from 150 large wells in the industrial area in and near Baltimore, would repre-
sent a loss of $1,000,000 annually; however, this amount is a minimum as it
does not include the additional monetary value of the uniform low tempera-
ture and the normally low mineral content of the water.

The recognition of the serious contamination and apparent overdevelopment
of the ground-water supplies led to the arrangements for the investigation
described in this report. The investigation was planned to determine, so
far as practicable, the “safe yield” of the water-bearing formations, the
cause and extent of the contamination of the aquifers by highly mineralized
waters, remedial measures that would restore some of the contaminated well
fields for continued use, and general information that would lead to a more
prudent development of additional ground-water supplies.

The geology of the area was studied chiefly as it applied to the occurrence
of ground water; however, as the classification of the rock strata proved to
be difficult, it was necessary to spend considerable time on geologic studies.
The geologic studies included examination of the outcrops; plotting of prac-
tically all the well logs; construction of a peg model, a three-dimensional repre-
sentation of most of the deep wells drilled in and near Baltimore; and the
collection and microscopic study of drill cuttings from wells. It was not
until the latter part of the investigation that sufficient information became
available to correlate the geologic units with any degree of accuracy.

It became apparent during the early part of the investigation that some
water-bearing formations were being contaminated through leaking wells
that had been abandoned for many years; hence it was considered advisable,
so far as was practicable, to obtain the records and determine accurate locations
of all wells drilled in the contaminated areas; consequently a major part of
the investigation consisted of making an inventory of the wells in the industrial
area. Well data were collected by studying the available files of industrial
concerns, previous reports, and by interviewing well drillers, well owners, and
other persons. The well data that were considered the most valuable included
depths, static and pumping water levels, casing and screen records, and, if
the well was in use, the amount of water pumped.

To provide a sufficiently large scale to show wells separately for purposes of
study, the recorded wells within the city limits of Baltimore were plotted
on 1-mile-square maps having a scale of 1 inch = 50 feet. The reproduction
of these large maps in this report was impractical, and for publication the
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wells were plotted on a map having a scale of 1 inch = 1,500 feet (Pl. 1).
Owing to the large number of wells in some parts of Baltimore an index-
numbering-system was used to facilitate locating the wells on Plate 1. All
wells are referred to mile squares which are in turn referred to the Washington
Monument, in the center of the city. Thus well 2S3E-9 is in the square
mile 2 miles south and 3 miles east of the center of the city; the figure 9
is the number of the well and indicates it is the ninth well inventoried in
that square mile.

Wells outside of Baltimore are numbered by a county system. Each county
is divided into 5-minute quadrangles formed by the intersection of longitude
and latitude lines. The 5-minute intervals of latitude are classified alpha-
betically by upper case letters along the left and right sides of the county
map. The 5-minute intervals of longitude are classified alphabetically by lower
case letters along the top and bottom of the map. Thus well Bal-Gf 9 indi-
cates that the well is in Baltimore County in the latitude interval opposite
“G", the seventh 5-minute interval from the top of the map, and in the
longitude interval “f”, the sixth 5-minute interval from the left side of the
map. The figure 9 is the number of the well and indicates it is the ninth
well inventoried within that quadrangle. In this report, however, only parts
of the county well maps (Pls. 3 and 4) are included and the identifying co-
ordinate letters are placed in each 5-minute quadrangle rather than along the
sides of the map.

The water levels in selected observation wells were measured periodically,
usually at weekly or monthly intervals; several wells were equipped with
automatic water-stage recorders that gave a continuous record.

Detailed chemical analyses were made of water samples collected from many
wells, and a large number of chloride and pH determinations were made in
the field. The contamination of wells by highly mineralized water was
studied chiefly by means of chemical analyses of a series of water samples
collected at intervals from wells that were pumped after being shut down
for a certain time. The contamination of wells also was studied by means
of geophysical well-exploration equipment.

The capacity of the water-bearing materials to store and transmit water—
the coefficients of storage and transmissibility—was determined by pumping
tests and flow-net analysis; and the permeability of samples of drill cuttings
from some water-bearing beds was determined with a U. S. Geological Survey
field permeameter.

Well-exploration equipment was designed and constructed for use prin-
cipally in exploratory test holes. This equipment measured some of the elec-
trical properties of the rocks and their fluid content, information of value
in correlating the geologic units and in determining the approximate salinity
of the water in the aquifers.
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HISTORY OF GROUND-WATER DEVELOPMENT

The first ground-water supplies in the Baltimore area probably were de-
veloped in the 17th century. Most of the water was then derived from
springs or shallow dug wells. The springs in and near Baltimore furnished
the major part of the water supply during most of the 18th century. As the
population increased and buildings were erected many of these springs be-
came contaminated or ceased to flow (Baltimore Bureau of Water Supply,
1934, p. 3). In 1797 efforts were made to obtain a public water supply,
however, it was not until 1806 that a water company was able to furnish water
to the city. This company diverted water from Jones Falls for most of its
supply.

That some of the springs were still being used in 1809, after the public
supply was constructed, is shown by the following quotation:

“The natural springs of water with which the soil originally abounded,

being threatened with destruction by other improvements, Jesse Hollings-

worth and Peter Hoffman solicited and obtained power to purchase the
ground and spring on North Calvert Street for the corporation; and
with Mr. John Davis, were appointed to erect a public fountain there.

Eight years after, money was appropriated by the city government for

the purchase and improvement of the springs in the southern and eastern

parts of the city, known by the names of Clappe’s and Sterret’s springs,
and soon after a fountain of running water, supplied by the water com-
pany, was fixed at the Centre Market at the expense of the City.” (Scharf,

1874, p. 303.)

A map of the Baltimore Water Co. distribution system made in 1831 shows
that a spring near Center and St. Paul Streets was then used as a small part
of the supply.

The city purchased the Baltimore Water Co. in 1854. The system was not
equipped to furnish water above an altitude of 136 feet; all inhabitants living
at sites above that altitude had to rely on springs and wells for water. As
many parts of the city were in need of additional water, it was decided to
drill several artesian wells in localities where water was most needed. The
first of these wells was drilled in April 1855 on Block Street (Baltimore Bureau
of Water Supply, 1934, p. 7), in the Harbor district about half a mile east
of Federal Hill. No data on this well or on other wells that may have been
drilled for the Baltimore public supply were found during the present in-
vestigation. Apparently the city’s surface-water supply was soon expanded
so that after about 1855 ground water was used very little, if at all, for the
main public supply. The Baltimore public water supply is now obtained from
Gunpowder Falls, north of the city, and from the North Branch of the Patapsco
River.
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Widespread drilling of artesian wells did not start until about 1853, but
thé demand for ground water must have grown rapidly for by 1860 about
100 artesian wells had been drilled in Maryland, nearly all in or near
Baltimore (Tyson, 1860). Of these 100 wells, 90 were considered to have
been successful. Up to that time most of the wells that had been drilled
for industrial purposes in and ncar Baltimore were in the Harbor district
and probably all these wells initially furnished ample supplies of good
water,

In the latter part of the 19th century wells were drilled in the Harbor,
Canton, Dundalk, Sparrows Point, and Curtis Bay districts. During that
period large supplies of ground water were developed for industrial use,
and as a consequence the ground-water supplies in the Harbor district were
overdeveloped, causing salt-water contamination and decrease in yield of
some wells.

During that period apparently few wells were drilled outside of the
Baltimore industrial area as Darton's report of 1896 shows that there were
telatively few other artesian wells in the Coastal Plain of Maryland. Darton’s
report (pp. 137-141) gives records of 201 artesian wells in the Baltimore
industrial area, which indicate that even about 50 years ago, some wells in
the Harbor district were contaminated with salt water or had decreased in
yield.

Records of ground-water supplies for the early part of the 20th century,
before the first World War, are not sufficiently complete to give an ade-
quate history of the development during that period. A report (Wehr and
Walden) prepared in 1913 included several chemical analyses of water from
wells in the Baltimore industrial area, and those analyses indicate that the
water was generally of good chemical quality, It is likely that the develop-
ment of ground-water supplies increased considerably during and shortly after
the first World War, the centers of pumping shifting from the Harbor
district to the outlying districts adjacent to the Patapsco River. During the
first World War ground-water supplies were developed for military estab-
lishments at the Aberdeen Proving Ground in Harford County and at the U. S.
Army Otdnance Depot in Anne Arundel County near Baltimore.

The rate of pumping after the first World War increased gradually in the
Baltimore area until about 1935, after which it increased rapidly and reached
a peak early in 1942 of about 50,000,000 gallons a day. Salt-water contami-
nation of aquifers and wells became more widespread during this period,
so that most of the wells in the Harbor and Canton districts, and many
wells in the other industrial districts, were abandoned. Late in 1942 one
large industrial plant in the Sparrows Point district decreased its pumpage
by about 10,000,000 gallons a day because of the low pumping levels and
salt-water contamination of some parts of the aquifers; and the pumpage in




12 GROUND-WATER RESOURCES OF THE BALTIMORE AREA

the Curtis Bay district was decreased by about 3,000,000 gallons a day. Since
then the pumpage in the industrial area has not changed; however outside the
industrial area the pumpage has increased from about 3,000,000 gallons a
day in 1942 to about 5,000,000 gallons a day in 1945. Hence the total
pumpage in the entire area in 1945 was 39,000,000.

PREVIOUS INVESTIGATIONS

The growth of knowledge of the geology of the Baltimore area has been
described in detail by Berry (1929, pp. 34-57) and in a publication by Clark,
Bibbins, and Berry (1911, pp. 34-56); hence, only the more comprehensive
geologic publications or those that include comments on or discussions of the
ground-water resources are listed in this report.

One of the first to observe and report on the ground-water supplies in
the Baltimore area was Levi Disbrow (Silliman, 1827, pp. 136-143). Dis-
brow, some time before 1823, studied the drilling technique used in the
drilling of salt wells west of the Allegheny Mountains (Carlston, 1943, p.
123), and soon thereafter used those methods to obtain fresh-water supplies
for domestic and industrial use in the east. Disbrow (Silliman, 1827, p.
140) reported the log and static water level of a well drilled near Baltimore,
in addition to the records of other wells in nearby states north of Maryland.

In these early days, necarly 120 years ago, Benjamin Silliman, editor of
the American Journal of Science, was apparently impressed by the need for
study of ground-water conditions and the methods for obtaining water from
wells, for in commenting on the notices by Disbrow concerning the success-
ful development of artesian water supplies, he stated:

“There can be no doubt that the research ought to be prosecuted with

vigor and perseverence * * * if for instance as in some cases cited
in this notice, good water in abundance can be brought near the
surface * * * it is the right of a corporation and the citizens,
if necessary, to deny themselves their luxuries, and even a part of
their daily bread, to procure what is next in importance to bread itself.”
(1827, p. 142.)

The first study of ground-water resources in the Baltimore area was made by
Philip T. Tyson (1860; 1862), who was State Agricultural Chemist. Tyson
made many observations of the water-bearing formations of the State and
wrote two articles dealing with well-water supplies. The reports of Tyson,
though brief, provide some excellent records of wells drilled in and near
Baltimore, and his descriptions of ground-water conditions found in drilling
show that he was a keen observer, deeply interested in the subject.

In 1885-86 McGee (1888) made an investigation, under the joint auspices
of the United States Geological Survey and the United States Fish Commission,
to determine the probable success of an artesian well at Fishing Battery Station
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near Spesutie Island, 5 miles south of Havre de Grace near the head of Chesa-
peake Bay. His report describes the record of a well drilled at Fishing
Battery Station (p. 580), but the report is devoted chiefly to geologic cb-
servations. McGee concluded from his studies that the rock strata were
displaced by a fault or flexure across the Fall Line, the boundary between
the Coastal Plain and the Piedmont Plateau, and that this displacement, if
large, might have some effect on the occurrence of artesian water in the Coastal
Plain area.

Information on the ground-water conditions in the Coastal Plain of Mary-
land is included in Darton's reports (1894; 1896) on the Atlantic Coastal
Plain. Darton’s reports consist chiefly of well records, logs, and general in-
formation on the water-bearing formations; he classified the water-bearing
formations in the Baltimore industrial area into several water-bearing zones.
Clark and Mathews (1906) described the geology and mineral resources of
Maryland and their report includes a brief section on the occurrence and value
of mineral springs; however, all the springs listed are outside the Baltimore
area.

In 1906 a comprehensive report (Shattuck, 1906) on the Pliocene and
Pleistocene deposits of Maryland was published.

Shattuck, Miller, and Bibbins (1907) made a detailed geologic map of the
Patuxent quadrangle. Their discussion of the geology includes a brief
section on the water resources.

A comprehensive report (Clark, Bibbins, and Berry, 1911) on the Lower
Cretaceous deposits of Maryland was published in 1911. This report includes
many measured geologic sections and fossil descriptions, a history of the
sedimentation, and correlations of the Lower Cretaceous sediments with
deposits in other areas throughout the world. It is the most complete report
ever prepared on the Lower Cretaceous deposits in the Baltimore area; for
the most part, however, the report deals with the exposed sediments, as few
subsurface data were available at that time.

Wehr and Walden (1913), consulting engineers, investigated the ground-
water conditions in the Baltimore industrial area in 1913. Their published
report is based largely on the data given in Darton’s report (1896) and on
records of wells obtained from the Maryland Geological Survey. Their report,
however, includes a table of chemical and bacteriological analyses, made spe-
cifically for their study, of samples of water from 20 wells in the Baltimore
industrial area,

A comprehensive report, by Clark, on the Upper Cretaceous sediments was
published in 1916.

A report (Little, 1917) on Anne Arundel County, 2 part of which is within
the southern part of the Baltimore area, is devoted principally to a discussion
of the geology as determined by examination of the outcrops. The report
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includes a brief section (pp. 128-132) on the ground-water resources of the
county.

The Tolchester folio (Miller, Mathews, Bibbins, and Little), published in
1917, includes a short section on the ground-water resources, but the report
is concerned particularly with a description of the geologic formations. The
Tolchester quadrangle includes only a small part of the Baltimore area.

The Maryland Geological Survey was the first organization to undertake a
study of the ground-water conditions in the entire State. During the early
part of the 20th century this department collected numerous well records and
observed the general features of the water-bearing formations in Maryland, as
well as in Delaware and the District of Columbia. A report (Clark, Mathews,
and Berry) of the findings was published in 1918; it is still the only publi-
cation that deals with the water resources of the entire State. The report in-
cludes general information on the water-bearing formations and records of
wells in the Baltimore area.

The first investigation of the salt-water contamination of the aquifers within
the Baltimore industrial area was made by Singewald (1920), who studied
the ground-water conditions in the Curtis Bay district. His unpublished report
contains many determinations of chloride in water samples from wells, and a
discussion of the geologic formations and their relation to the occurrence of
ground water.

In 1929 the Maryland Geological Survey published a report (Berry, Knopf,
Jonas, Mathews, and Watson) that includes a detailed discussion of the
geology, physiography, and mineral resources of Baltimore County. The section
on the ground-water resources contains essentially the same data as the report
by Clark, Mathews, and Berry published in 1918,

The first study of the ground-water resources within the Baltimore indus-
trial area that included a quantitative treatment of the ground-water problems
was made by Wolman in 1941. This unpublished report concerns both surface
and ground-water supplies that would be available for industrial use in the
Sparrows Point district. The report is of singular importance, as it is the first
in the Baltimore area to utilize the modern concepts of ground-water hydrology
in water-supply investigations.

Later in 1941 the Rauney Water Collector Corporation prepared a report
on the shallow ground-water resources, chiefly in the Sparrows Point and Dun-
dalk districts.  Several shallow test holes were drilled in connection with
that study and pumping tests were run to determine the permeability of the
water-bearing material.

In 1941 and 1942 Barksdale made three brief investigations in the Spar-
rows Point and Curtis Bay districts at the request of the War Production
Board. The investigations included an inventory of some of the larger in-
dustrial wells and pumping tests to determine the cause of salt-water contami-
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nation in some of the wells. The results of the investigations are given in
unpublished memorandums.

The first detailed report on the ground-water conditions in the entire Balti-
more industrial area was made by Geyer, whose report was published in 1945.
This report contains a wealth of data; through the kindness of Dr. Geyer
and Dr. Wolman, who directed the study, all these data, though unpublished
at the time, were made available to the writers for use in the present in-
vestigation.

During the present investigation the senior author (1945A, 1946) prepared
two brief reports that describe the general features of the ground-water condi-
tions of the Baltimore area. A detailed report (1945B) on the results of ex-
ploratory test-well drilling in the Sparrows Point district was prepared in 1945.
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CLIMATE

The average annual precipitation at Baltimore for 74 years prior to 1946
was 42.52 inches. Although the annual precipitation ranged from a minimum
of 21.55 inches to a maximum of 62.35 inches, in general the precipitation
is uniform and well distributed through the year (Weeks, 1939, p. 4). The
highest average monthly precipitation was 4.51 inches for August; the lowest
average monthly precipitation was 2.76 inches for November.
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TABLE 1
Monthly, Annual, and Mean Precipitation,

in Inches, at Baltimore
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TABLE 2

Monthly and Annual Mean Temperatures
at Baltimore
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1887(32,7|39.4(38.3|51.5{67.8|72.2{81.0(74.1{65.2(56.6(45.6| 37.0 |55.1
1888(29.2)35.7|37.2|52.6] 62.8(73.2|74.6| 76.2]65.3|52.7|47.9] 37.6 |53.8
1889(38.9)30.8/43.4|54.6!65.8(71.5|76.6|73.8166.5|53.8|47.7| 46.0 |55.8
1890(44.0(43.4|41.6|54.0(64.0(75.0|75.4| 74.1{68.4|57.0|48.2] 34.6 |56.6
1891 37.6{41.4|38.6/56.0(62,2(71.5|71.6|74.3{70.6/54.8|44.2| 43.7 [55.5
1892|31.8|36.8(37.4|51.6|63.4{75.9|76.4] 76.2]66.2(55.8143.8| 33.4 |54.1
1893124.6|34.0{40.3(52.6(61.4]|72.4|77.0|74.6166.6{57.0|43.6| 38.6 |53.6
1894/37.5|34.4|48.2|52.4|65.3|73.0|77.6| 73.2{70.6(57.4|43.4| 37.7 |55.9
1895{31.326.4{40.6|52.8(62.4|74.2|73.1| 77.1{72.3|53.4|47.1| 39.2 |54.2
1896| 33.6(36.0)38.1{56.6/69.0{71.3177.8| 76.2|68.4|54.8;51.0{ 36.4 |55.8
1897|31.6(36.8(45.0/53.0|62.8(70.1|76.9|74.3168.8!58.2|46.3| 38.6 |55.2
1898|37.0(35.2|48.6{51.2(63.9{73.8{78.7|77.4/71.4[58.0144.6| 36.2 [56.3
1899|33.4/28.4|41.7{53.8|64.5(75.2|77.6[ 75.6/67.0{58.7|47.4| 37.4 [55.1
1900(36.2(33.1{38.655.0(65.2{73.4|80.1/80.4|73.8|62.0(49.6| 37.2 |57.0
1901(34.9)29.5/43.8{50.7|61.8(72.6/80.4| 76.7(68.4|56.7|141.8| 35.2 |54.4
1902|31.6(30.4|46.7]/53.3(64.6|72.3|77.8/ 73.6|67.2|58.6{51.9| 34.8 [55.2
1903!33.6|37.8/49.6{54.4(65.2(67.2|77.2|71.9|68.2|58.4{43.2| 33.0 [55.0
1904(27.4(28.6|41.0{49.9(65.7|71.4]75.6/73.6(68.2(54.8|43.8[ 31.6 |52.6
1905{30.8|27.3|44.6(54.2|65.1[72.2|77.0{74.2(69.0/58.2145.8| 38.4 |54.7
1906|40.2|34.2|37.6{56.1/65.1({73.6|75.9| 76.8(72.4|56.2|47.3| 36.3 [56.0
1907{36.5(28.8|47.0(47.8{59.0(|66.7{76.6! 73.6/69.9/53.2]45.4| 39.0 [53.6
1908|35.0(31.2(47.1(56.5|65.1|73.6{79.0| 74.2(68.4|59.8|46.4| 37.9 |56.2
1909(35.6(42.6]41.8(53.9/64.5|74.1|76.0| 74.4|67.7|54.8{51.5| 33.2 |55.8
1910/ 34.0(34.8(49.8(58.2|62.2{70.4(78.9| 74.4|71.6/60.8{42.6| 31.2 |55.7
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20 GROUND-WATER RESOURCES OF THE BALTIMORE AREA

The annual mean temperature is 55.9° F.; the average monthly temperature
ranges from 34.8° F. in January to 77.8° F. in July.

The precipitation and temperature data for the weather station at Baltimore
are given in Tables 1 and 2.

GENERAL FEATURES
PHYSICAL DIVISIONS

The Baltimore area is within the Atlantic slope, a region that extends from
the Allegheny Mountains to the Atlantic Ocean. This region has been divided
into several physiographic provinces (fig. 1); the Baltimore area lies within
two of these provinces, the Piedmont Plateau and the Coastal Plain.

The Atlantic Coastal Plain is the relatively low part of the Atlantic slope
extending from Cape Cod south through Florida. It is bounded on the
east by the edge of the Continental Shelf in the Atlantic Ocean, and on the
west by the Piedmont Plateau. In the Baltimore area the Coastal Plain is
generally underlain by soft, unconsolidated, easily eroded sediments. In a
few localities the sediments have been cemented to form hard, resistant rock
like that capping the hills on the southwest side of the Fairfield-Curtis Bay
districts.  (See Pl. 19 A.) The land surface of the Coastal Plain is charac-
terized by low hills, shallow valleys, and flat plains. In the northern half of
the area included in this report, the Coastal Plain is characterized by long,
narrow peninsulas, called necks, that extend southeast to Chesapeake Bay. These
necks are separated by bodies of water generally called rivers but, as they
are valleys that have been “drowned” by sea water, they are really estuaries.

The Piedmont Province or Plateau is the area west of the Coastal Plain and
extends to the foot of the Appalachian Mountains. The Piedmont Plateau is
higher and generally more rugged than the Coastal Plain. Its subsurface
extension eastward forms the floor upon which the Coastal Plain sediments
were deposited (Clark and Mathews, 1906, p. 74).

The Piedmont Plateau is underlain by hard crystalline rocks that are more
resistant to erosion than the unconsolidated sediments of the Coastal Plain.
However, because weathering and erosion have gone on for a long time in the
Piedmont Plateau, their effects are pronounced and in general the upper part
of the rocks is decomposed and disintegrated and covered by soil. The land
surface is gently rolling except near the eastern boundary. There the valleys
are deep and rugged and are characterized by exposures of hard, fresh crystalline
rock, and the streams contain many falls and rapids (Pl. 19 B). The boun-
dary of the two physiographic provinces is called the “Fall Line.” This name
is misleading, however, as the boundary is a zone rather than a line, with long
ridges of Coastal Plain sediments that extend several miles onto the Piedmont
Plateau and in many places the falls and rapids extend for a distance of 15 to
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20 miles (Knopf, 1929, pp. 60-61). Thus the boundary between the two
physiographic provinces is indefinite. In this report it is considered arbitrarily
to be along the Baltimore and Ohio Railroad from Washington through Balti-
more to Havre de Grace.

The major streams, which are, from north to south, the Susquehanna, Gun-
powder, Patapsco, and Patuxent Rivers, flow from the Piedmont Plateau across
the Coastal Plain and empty into Chesapeake Bay. On the Piedmont Plateau
these streams are characterized by deep valleys and relatively swift currents; on
the Coastal Plain, however, they are largely tidal and are wide and sluggish.

GENERAL GEOLOGY

The rocks in the Baltimore arca may be classified into two general groups,
the hard crystalline rocks exposed in the Piedmont Plateau, and the soft
unconsolidated sediments that lie above the crystalline rocks in the Coastal
Plain. The crystalline rocks are composed chiefly of gabbro, granite, gneiss,
schist, and smaller amounts of quartzite and marble. The age of some of them
is uncertain, but as their age is not significant with respect to their water-
bearing characteristics, all the crystalline rocks are considered in this report to
be of pre-Cambrian age. The unconsolidated sediments, which are chiefly of
Cretaceous and Pleistocene age, consist mostly of sand, gravel, and clay.

The hard crystalline rocks are much older than the unconsolidated sediments
and have been more affected by geologic processes. Intrusions of molten rock
and intense pressure from folding have changed much of the rock from its
original character. After the crystalline rocks were formed there was a long
period in which they were eroded to a moderately level plain that extended
for a long distance beyond the present shore line. Thus at the beginning of
Cretaceous time, before the deposition of Coastal Plain sediments in the
Baltimore area, the land surface was moderately level and was not far above
sea level (Stephenson, Cooke, and Mansfield, 1933, p. 6). Early in Cre-
taceous time the area of the Coastal Plain was lowered and at the same time
the Piedmont Plateau arca was elevated. The increased gradient of the land
surface enabled streams to erode large quantities of material from the Piedmont
area and to transport it to the depressed area to the east. Although the Coastal
Plain area lowered, it remained above sea level in the Baltimore area, as the
sediments of Cretaceous age, typically irregularly bedded and lenticular, are
nonmarine and apparently were deposited mostly by streams or in lakes. After
the coarse sediments of the lowest formation, the Patuxent, were deposited they
were eroded and the Arundel clay was deposited. The clay was laid down chiefly
in old drainage depressions, but it attained sufficient thickness to overlap the
sediments of the Patuxent formation and form a sheet deposit (Clark, Bibbins,
and Berry, 1911, p. 66).

The Arundel clay is considered to have been deposited under swamp con-
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ditions, as it contains lignitic material and tree trunks, of which some have
been found erect with roots intact (Clark, Bibbins, and Berry, 1911, p. 83).
Following its deposition there was a period of erosion, after which the Pied-
mont area was elevated again, so that the streams were able to transport the
predominantly coarse sediments that comprise the Patapsco formation.

After a long period of erosion the sediments, consisting mostly of gravel and
clay, of the Pleistocene epoch were deposited upon the eroded surface of the
Cretaceous and pre-Cambrian rocks in the Baltimore area. Although the
sediments of the Pleistocene epoch have been divided into several units, chiefly
on the basis of the altitude of the terraces formed by the Pleistocene sea, for
convenience of discussion these sediments have been considered in this report
as comprising two units, the upland and lowland deposits.

In general the geologic structure of the area is simple. The sediments of
Cretaceous and Pleistocene age form a wedge-shaped mass lying on the east-
sloping crystalline-rock floor (fig. 3); thus the thickness of the sediments
increases progressively toward the east. The strike of the Cretaceous forma-
tions is approximately northeast; consequently the formations crop out as bands
of irregular width extending northeast parallel to the boundary between the
Piedmont Plateau and the Coastal Plain (Pl. 2). One may picture the area
as being underlain by layers of sedimentary formations that slope gently

toward the southeast and whose beveled edges crop out as northeast-trending
bands.

GENERAL HYDROLOGY

The occurrence of ground water is controlled largely by the physical charac-
ter and structure of the geologic formations; hence, in the Baltimore area, where
the relatively dense and impermeable crystalline rocks of the Piedmont Plateau
contrast with the porous and permeable unconsolidated sediments of the
Coastal Plain, ground water may be considered as occurring under two widely
different sets of conditions.

The relatively few openings in which water is stored and transmitted in
the crystalline rocks are largely secondary—they were formed by earth move-
ments and weathering. The porous and permeable zones in these rocks are not
uniform and gradually disappear with depth.

In contrast to the relatively dense crystalline rocks, the sands and gravels
of Cretaceous and Pleistocene age in the Coastal Plain are very porous and
permeable.  Although these sediments are irregularly bedded and lenticular,
the lenses of sand and gravel are sufficiently interconnected to form several
relatively uniform and widespread ground-water reservoirs.

The source of practically all the ground water in the Baltimore area is
precipitation. The transmission of water from the interior of the earth is
negligible. In the crystalline rocks of the Piedmont Plateau a part of the
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24 GROUND-WATER RESOURCES OF THE BALTIMORE AREA

water from precipitation enters the openings in the rocks where it is temporar-
ily stored. It gradually moves toward the valleys where it is discharged into
streams or is dissipated by evaporation and transpiration. Except locally the
ground water in the crystalline rocks occurs under water-table conditions—
that is, it is not confined beneath impermeable material.

The ground water reservoirs in the Coastal Plain are replenished chiefly
from precipitation on the exposed edges or outcrops of the water-bearing for-
mations. Except in these areas of outcrop the water in the water-bearing
formations in the Coastal Plain occurs under artesian conditions—that is, the
water passes down the dip beneath impermeable clay and becomes confined
under pressure.

A summary of the rock formations and their water-bearing properties is
given in Table 3.

GEOLOGIC FORMATIONS AND
THEIR WATER-BEARING PROPERTIES

PRE-CAMBRIAN
CRYSTALLINE ROCKS

Although most of the crystalline-rock area of Maryland is outside the area
of this report, the gencral features of these rocks were observed in the vicinity
of Baltimore in order to determine the hydrologic relation of the water in
the crystalline rocks with that in the unconsolidated sediments in the Coastal
Plain,

DISTRIBUTION AND CHARACTER

The crystalline rocks of the Piedmont Plateau and the rock floor upon which
the sediments in the Coastal Plain were deposited are exposed along the western
edge of the Baltimore area (Pl. 2), where, owing to their resistance to
erosion, they generally lie at an altitude higher than the sediments in the Coastal
Plain. The rocks consist chicfly of gabbro, granite, gneiss, and schist, with
smaller amounts of quartzite, marble, and granite pegmatite. Most of these
rocks have been classified as pre-Cambrian (Maryland Geological Survey, 1925)
but later investigations (Mackin, 1935, pp. 356-380; Miller, 1935, pp. 715-
756; Cloos and Hershey, 1936, pp. 71-80; and Cloos and Hietanen, 1941) in-
dictate that at least a part of them may be of Paleozoic age. For convenience,
however, these rocks are treated as a unit in this report and arBitrarily are
considered of pre-Cambrian age. An excellent summary of the geologic units
in the Piedmont Plateau has been given by Cloos (1937).

A large part of the crystalline rocks originally were sedimentary, but intense
folding and igneous activity have metamorphosed and recrystallized them so
that their original texture has been changed greatly and, for the most part. the
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TABLE 3
Generalized Section of Geologic Formations in the Baltimore Area

System

Seriee

Formetion

Thickness
{feet)

Physicel
cherecter

Wster-beering
cherscterietice

Cenozoic | Quaternary

Pleistocene

Lowl and
deposita

0-150 +

Gray clay,
sand,
gravel, and
cobbles,

Generally yield adequate
aupplies of water to
ahal lowdomestic wella,
May yield large quan-
tities of water where
deposits are thick;
however, heavy pumping
probably would cause
salt-water contamina-
tion from adjacent
estuaries,

Clay, sand,
and gravel,

Not an important water-
bearing formation;
yields small supplies
of water to dug wells
in acme favorably aitu-
ated places.

Cretaceoua

Upper
Cretaceous®

Raritan
formation

100(?)

Varicolored
clay, aand,
and gravel
(litholo-
gically
aimilar to
the under-
lying
Patapaco).

Yields ample supplies of
water for domestic
purposes in aouthern
part of area. Water
usually contains large
amount of iron.

Patapaco
formation

300(?)

Lenticular
beds of
aand, clay,
and gravel.
May be
divided
locally into
an upper and
a lower
part.

Contains very permeable
beds of sand and gravel
that yield aa much as
900 gallona a minute
to industrial wella.
Water generallyia high
in iron, Contaminated
with salt water in many
parta of the industrial
areain and near Balti-
more.

Dark-gray to
red clay,
with aome
indurated
‘“ironore’
rock.

Not a water-bearing for-
mation; ia a confining
layer.

L

| Lower

| Cretaceous

Patuxent
formation

150-250

Lenticular
beds of
aand,
gravel, and
clay.

The most important water-
bearing formation in
the Baltimore area.
Yields large auppliea
of water for industrial
use,

Pre-Cambrian

I

Hard crystal-
line rock,
chiefly
schist,
granite,
gneias, and
gabhro.

Yields adequate auppliea
of water for domeatic
use in outcrop area,
Not an important water-
bearing formation in
the Coastal Plain area,

®The Patapaco and Arundei formations have generaily been cisssified ee Lower Cretaceoue, though
in 192i Gilmore conaidered tham Upper Cretaceoue on the baaie of vertebrate fauna in the Arunde!

formation.

Gilmore'a conclusion wae further eubatantiated by Andereon and Vokee in 1948 (Maryiand

Department of Geoiofy, Mines and Water Reeources, Bulletin 2) by the finding of an Upper Cretaceoue
moiiuscan fauna in beda which on the basis of heavy mineral correiation wara beiievad to be low in

the Patapeco or in the

Arundei.

The Upper Crataceous correlation waa accaptad in 1950 by the Unitad

Stetas Geoioficai Survey in a report by C. Wythe Cooke on the Sedimentary Depoeite of Prince Georgee
County (to ba publiehed by the Maryiand Dapartmant of Qeology, Mines and Water Reeourcas).




26 GROUND-WATER RESOURCES OF THE BALTIMORE AREA

bedding planes have been practically obliterated. The relation of the various
rock types to each other is complex; however, the granite is considered to
consist of igneous intrusives with associated dikes of granite pegmatite and
aplite, and the gabbro is a great intrusive mass with many associated dikes
(Knopf and Jonas, 1929, p. 106). The gneiss in and near Baltimore probably
was derived from sediments that were altered by injections of magma (Knopf
and Jonas, 1929, p. 151).

WATER-BEARING PROPERTIES

With the possible exception of the gneiss, schist, and quartzite, nearly all
the crystalline rocks, in their original state, were hard and dense and con-
tained practically no openings in which ground water could occur. Intense
folding and other crustal movements, however, created many openings in the
form of schistosity, joints, shear zones, and other fractures in which the
water could accumulate (Pl. 20 A). Although the structural openings form
a large part of the storage space for ground water, it is likely that circulating
ground water enlarged the openings by slowly decomposing and dissolving
some of the minerals in the rocks. The degree of decomposition is greater in
some localities than in others because some rock types are more susceptible to
decomposition than others and because the rate of ground-water circulation is
not uniform. In the Piedmont Plateau the circulation is greater near the
streams, which are the major localities of natural discharge of ground water.
Thus the development of porous and permeable zones in the crystalline rocks
depends chiefly on the number and size of the structural openings—joints,
shear zones, and other fractures—and the decomposition and solution of the
rock by circulating ground water. The rate of circulation is controlled to some

extent by the type of rock, the configuration of the land surface, and the prox-
imity to streams into which ground water is discharged. It is, therefore, not

surprising that the crystalline rocks form a very irregular and inhomogeneous
water-bearing formation in which wells have a wide range of yields.

Wells drilled in granite and granite pegmatite generally have higher yields
than wells drilled in gabbro. This probably is due to the presence of larger
openings, formed in part by the decomposition of feldspar, a mineral con-
stituent of granite and granite pegmatite that decomposes more readily than
the basic minerals that make up gabbro. This feature was experienced in the
drilling of well Bal-Ef 20.! This well penetrated 490 feet of hard, dense
gabbro without obtaining water; however, decomposed rock, apparently granite
pegmatite, that yielded 24 gallons of water a minute was penetrated between

IThe locations of wells prefixed by a county symbol, for example Bal (Baltimore County),
are shown on Plate 3; the locations of wells in the Sparrows Point district are shown on
Plate 4. All wells prefixed by numbers and direction symbols, for example 2S2E-$5, are
within the Baltimore city limits and their locations are shown on Plate I.
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depths of 490 and 492 feet. The drill cuttings from this interval were
composed largely of quartz grains, indicating that the feldspar had been
decomposed.

The large yield (about 150 gallons a minute) of well 3N2W-4 indicates
that the granite at this locality is highly decomposed at some levels. Well
3N2W-2, which is within a few hundred feet of well 3N2W .4, was surveyed
by means of a well-logging device that measures the relative electrical resist-
ance of the rocks and the small voltages (potential) that may occur be-
tween different types of rock and fluid. The electrical resistance of a rock is
largely dependent on the amount and conductivity of water contained in the
rock; as the chemical character of the water in the crystalline rocks is relatively
uniform, the electrical resistance and the fluid content or porosity of the rock
are closely related,2 the resistance decreasing with an increase in fluid content.

Figure 4 shows a record of the electrical resistance and potential of the
water-bearing rocks penetrated in well 3N2W-2. The resistance curve shows
that the rocks are “weathered” from the land surface to a depth of 27 feet. The
interval between 27 and 39 feet is relatively dense but the rocks below, from
39 to 45 feet, appear to be well decomposed, as their resistance is less than
that of the rocks from the land surface to 27 feet. The differences in voltage
shown by the potential curve in Figure 4 cannot be readily explained; it is likely
that they have little or no value in showing the relative porosity of the crys-
talline rocks penetrated by this well.

An electrical log also was made of well Bal-Eb 1, on the southwest side of
Liberty Road, 4 miles northwest of the Baltimore city limits (fig. 4). The
resistance curve shows that the rocks are well decomposed in the “weathered”
zone from the land surface to a depth of 55 feet. From 55 feet to a depth
of 130 feet, the limit of the electrical log, the resistance is higher except for
thin zones with moderately low resistance. The moderately low resistance
probably is caused by the presence of slightly decomposed rock or small frac-
tures. Core samples from this well show that in general, the zones of high
resistance correspond to hard, dense gabbro or quartz; the low resistances
appear to be zones of fracture or decomposed rock. As the cores from many
intervals were not recovered, a complete comparison between the rock core
and the resistance value could not be made. Most of the levels from which
no core was recovered during the drilling were in the upper part of the well,
where the rocks are softer and more highly decomposed.

The decomposed rocks that generally occur near the land surface form
a porous and, in many places, permeable water-bearing zone. This is the so-
called "weathered” zone; however, this term is not strictly correct for rocks
below this zone also are weathered though to a lesser degree. The degree of

ZFor a discussion of the principles of electrical logging of wells, see pages 150-152.
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FiGure 4. Graph showing electrical logs of two wells penetrating crystalline rocks
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decomposition may change abruptly; for example the electrical log of well
Bal-Eb 1 (hg. 4) shows an abrupt increase in resistance at the bottom of
the “weathered” zone at a depth of 55 feet. The weathered zone has a wide
range in thickness, being absent in those places where fresh crystalline rocks
crop out, but as much as 50 to 75 feet thick in other places.

Few data are available to evaluate the permeability and porosity of the crys-
talline rocks beneath the Coastal Plain where they are overlain by thick deposits
of sand, gravel, and clay of Cretaceous or Pleistocene age. Except near the
western edge of the Coastal Plain, where the unconsolidated sediments are
relatively thin, only a few wells have been drilled through the sediments
to obtain water from the underlying crystalline rocks. Drillers’ logs of most
of these wells show a thin zone of decomposed rock immediately underlying
the sediments, but it is not sufficiently permeable to yield large supplies of
water.  Although joints and other fractures probably are in the crystalline
rocks beneath the Coastal Plain sediments, they probably have not been en-
larged to any great extent by ground-water circulation. In comparison to the
Piedmont Plateau, where the crystalline rocks are exposed and water from
precipitation is added frequently, the water in the crystalline rocks below the
Coastal Plain sediments moves very slowly and is relatively “stagnant.” This
slower rate of ground-water circulation accordingly causes less rock decompo-
sition than in the Piedmont Plateau.

Yield of Wells

The best available index of permeability of the crystalline rocks in the
Baltimore area is given by the reported yields of wells; but such a method of
analysis may be misleading and inaccurate, as some wells are not pumped at
their maximum capacity and others would have higher yields if the pumps
were set at a greater depth or if the wells were drilled deeper. Furthermore, it
is somewhat meaningless to evaluate the water-bearing properties of the crys-
talline rocks on the basis of the yields of wells scattered at random throughout
the crystalline-rock area. The permeability and porosity of the crystalline
rocks in that area are determined largely by the geologic structure, the type of
rock, and the topography; consequently a detailed study of the structural ele-
ments, for example as described by Cloos (1937), together with the relation
of the topography and rock type to the water-bearing properties, would be
necessary for a systematic mapping of the ground-water resources of the
crystalline-rock area. However, as such a study would be lengthy and as
the largest ground-water developments in the Baltimore area are on the
Coastal Plain, the crystalline-rock area was studied only by reconnaissance.
It is necessary, therefore, to depend largely on a statistical analysis of the
yields of wells in crystalline rocks to indicate their general water-bearing
properties, but the limitations of such an analysis should be recognized.

The reported yields of crystalline-rock wells in and near Baltimore probably
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represent more nearly their maximum capacity than do the yields reported for
similar wells in rural areas, as most of the wells in and near the city were
drilled for industrial purposes requiring relatively large supplies of water,
The reported yields from 106 crystalline-rock wells in Baltimore are arranged
according to frequency in Figure 5. This statistical analysis shows that the
average or mean yield is 50 gallons a minute and the median yield is 35
gallons a minute. The median yield probably is more significant than the mean,
as it is not affected appreciably by the few extremely small or large yields. The
mode, which is the most usual or typical value (Arkin, 1939, p. 23), is 10
gallons a minute. The reported yields range from 0 to 350 gallons a minute;
however, the three wells reported to yield 350 gallons a minute were omitted
from Figure 5 in order to condense the graph. It is likely that these three
wells (1S3E-23 to 25) may draw water from cavernous limestone because
wells 183E-16 and 17, which are about 2,000 feet to the south, are reported to
have penetrated limestone. Limestone, however, is not common within Balti-
more; consequently such high yields in the crystalline-rock area are exceptional.

No consistent relation was found between yield and rock type, except that,
in general the yields from wells ending in schist and gabbro are lower than
those of wells in gneiss and granite. The type of rock appears to be much
less important than the number and size of structural openings and the con-
figuration of the land surface in determining yield.

Plotting the reported yields of wells against the well depths shows a wide-
spread scattering of points and only a vague trend toward increased yield with
increased depth. Obviously the yield should increase at least slightly with
depth as additional water-bearing openings add to the supply encountered
at a shallower depth. However, such a graph is subject to error, in that many
wells obtain their largest supply of water at a shallow depth but the well is
drilled deeper in hopes of further increasing the supply. Inasmuch as the
depths at which water was encountered are reported only rarely, it can only be
assumed that all the water was encountered at a depth equal to the well depth.
If the reported yields could be plotted against the depth at which water was
encountered, it probably would show that the yields generally increase ap-
preciably down to a depth of about 200 feet, then increase slightly to a
depth of 300 to 400 feet; below this depth there generally would be no
marked increase in yield.

Only a few wells draw water from the crystalline rocks where they are
covered by a thick blanket of Coastal Plain sediments. Well Bal-Gf 10
(Sparrows Point district) penetrated 53 feet of hard crystalline rocks from 658
to 711 feet below the land surface, without obtaining any water. Wells
2S3E-6 and 7 (Canton district), which presumably end in the crystalline
rocks, are reported to yield 40 and 50 gallons a minute, respectively. The
crystalline rocks there are covered by about 200 feet of unconsolidated sedi-
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ments. Other wells have been drilled a short distance into the crystalline rocks
after penetrating the unconsolidated sediments, but practically all those wells
are screened opposite the overlying sand and gravel of Cretaceous age from
which much larger yields can be obtained.

In summation, wells drilled in the crystalline rocks in the Baltimore area
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are likely to yield from 10 to 35 gallons a minute, although there is a possi-
bility that they may be “dry,” but also that they may have large yields of as much
as 250 to 350 gallons a minute. The crystalline rocks beneath thick Coastal Plain
sediments have such a low permeability in comparison to the water-bearing
sand and gravel in the overlying sediments that the crystalline rocks cannot
be classed as an important aquifer in the Coastal Plain.

CONFIGURATION OF CRYSTALLINE-ROCK SURFACE BENEATH
THE COASTAL PLAIN SEDIMENTS

As the crystalline-rock floor forms the bottom of the productive water-bearing
formations of the Coastal Plain sediments, it is important to know its depth
beneath the land surface and its surface configuration. Plate 5 shows by con-
tours, based on well-log data, the altitude of the crystalline-rock surface be-
neath the Coastal Plain sediments in the Baltimore area. As the land surface
in the Coastal Plain is relatively level and not far above sea level, the altitude
contours indicate the approximate thickness of the unconsolidated sediments
overlying the crystalline rocks.

The bedrock surface slopes generally southeast at the average rate of about
85 feet to the mile; in detail, however, the contours show that the surface
slopes as much as 125 to 150 feet to the mile near the western edge of the
Coastal Plain in the Harbor, Highlandtown, and Canton districts, then the slope
decreases to about 60 to 75 feet to the mile in the Fairfield, Curtis Bay, and
Dundalk districts, and then steepens to about 90 feet to the mile to the
southeast. The average slopc of 85 fcet to the mile in the Baltimore area is
about the same as that of the crystalline-rock surface beneath the Coastal Plain
sediments in Long Island, N. Y., where it is 75 to 80 feet to the mile (De
Laguna and Brashears, 1946, p. 11).

According to the available data, the bedrock surface in the Baltimore area
appears to be rather featureless, but one shallow depression or valley in the bed-
rock extends south from the Highlandtown district for about 2 miles. Doubt-
less if additional information were available other surface irregularities could
be detected.

The decreased slope of the bedrock surface in the Fairfield, Curtis Bay, and
Dundalk districts appears to form a northeast-trending terrace-like feature
about 2 miles wide. Such a feature in the bedrock surface apparently is not
rare; for example, the bedrock surface east of Petersburg, Va., forms a nearly
horizontal terrace (Cederstrom, 1945, p. 16). The origin of this terrace-like
feature in the Baltimore area might be ascribed to erosion near an old shore
line; if so, it could not have been associated with the deposition of the Lower
Cretaceous sediments, which immediately overlie it, as those sediments in
the Baltimore area are of continental origin. The terrace could have been
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derived from the beveling of a fault block associated with an uplift of
the Piedmont Plateau before the deposition of the sediments of the
Patuxent formation. A flattening of the surface might have resulted if a
fault formed a westward-facing scarp in the bedrock surface and then was
eroded. It has been suggested previously that faulting may be the cause of the
steep eastward slope of the bedrock surface in several places near the boundary
between the Piedmont Plateau and the Coastal Plain. Cederstrom (1945, pp.
17-18) has suggested that faulting or pre-Cretaceous erosion may explain the
steep slope of the bedrock surface, which, at Quantico, Va., slopes 200 feet in
a horizontal distance of 1,500 feet. McGee (1886, pp. 545-646) concluded
from his studies of the geology near the head of Chesapeake Bay that the
rocks were displaced along the Fall Line in that area. Several carefully con-
structed vertical sections across the Fall Line in Maryland and elsewhere are
reported to indicate displacements (Clark, Bibbins, and Berry, 1911, p. 85).

Thus there would seem to be evidence suggesting that faulting, with down-
throw to the east, has played a part in the formation of the steep slopes of
the bedrock along some parts of the Fall Line. If so, it would seem reasorable
to expect associated faults, with downthrow to the west, that would form flatter
instead of steeper slopes.

CRETACEOUS SYSTEM
LOWER CRETACEOUS SERIES

PATUXENT FORMATION
The Patuxent formation, named for its development in the upper valleys of
the Little and Big Patuxent Rivers (Clark and Bibbins, 1897, p. 481), is
the basal formation of the Coastal Plain sediments in the Baltimore area. The
sediments of that formation, the most important aquifer in the Baltimore area,
were deposited on the southeastward-sloping crystalline-rock floor.

DISTRIBUTION AND CHARACTER
The formation crops out (Pl. 20 B) in an irregular belt from about 1 to
3 miles wide, extending in a northeasterly direction along the western edge
of the Coastal Plain (Pl. 2). The continuity of the outcrop is broken by
Gunpowder Falls, and the Patapsco and Susquehanna Rivers. The western
part of the outcrop has been well dissected by streams; hence there are many
outliers and “peninsulas” of the formation west of the main outcrop belt.
The land surface formed by the Patuxent formation is hilly in the western part
of the outcrop belt but relatively level in the eastern part.
In general the formation is not well exposed except in sand and gravel pits
where the soil cover or alluvial overburden has been removed. Owing to the
scarcity of good exposures, much of the information on the lithology
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was obtained from drillers’ logs of water wells and from examination of
well cuttings.

The exposures in the outcrop area show a series of irregular and lenticular
beds of sand, gravel, sandy clay, and clay with thin lenses or masses of sand-
stone firmly cemented by iron oxide to form indurated rock ledges or seams.
(See Pls. 21 and 22.) Much of the sand is arkosic and contains disseminated
kaolin, a white clay derived from the decomposition of feldspar. Some beds
of sand contain pebbles or small balls of clay. The sand and gravel are com-
monly cross-bedded, and the character of the sediments changes abruptly within
a short vertical or horizontal distance. The basal part of the formation is
made up largely of coarse material—pebbles, cobbles, and mica particles re-
worked from the underlying crystalline rocks. In some places these coarse
clastics are cemented by clay to form a conglomerate (Pl. 22 B). The grains
of sand and gravel consist mostly of quartz and generally are subangular to
subrounded.

The formation has no single characteristic color; it comprises sediments
colored in many shades of red, brown, gray, and lavender; but, except in
fresh exposures, the colors are not particularly vivid. The sand and gravel
generally are light gray to buff, and the clay is red to gray; but where the
clay consists chiefly of kaolin it is white. Some clay, however, has a mottled
coloring of red, gray, and white, and in a few places, owing to an abundance
of finely disseminated carbonaceous material, the clay is black (Clark, Bibbins,
and Berry, 1911, p. 60).

The sediments of the Patuxent formation generally are unfossiliferous, but
a large number of plant specimens have been collected at a few localities,
and the dinosaurian fauna of the overlying and closely related Arundel clay was
probably in existence when the sediments of the Patuxent formation were be-
ing deposited (Clark, Bibbins, and Berry, 1911, pp. 63-64). Many of the
plant fragments have been lignitized; these include tree trunks, some of
which have been found in an erect position (Clark, Bibbins, and Berry, 1911,
p. 60.)

It is difficult to determine the thickness of the Patuxent formation in the
outcrop area from measured exposures; however, in and near Baltimore, logs of
wells and information from exposures indicate that the thickness in the out-
crop area is about 150 feet.

Drillers logs of water wells and well cuttings have provided much valuable
information on the lithologic character of the Patuxent formation where it is
covered by younger sediments. The well data show that the formation is
composed chiefly of beds or lenses of sand, gravel, sandy clay, and clay in
varying proportions. The proportion of different types of sediments encountered
in wells penetrating the Patuxent formation is given in Table 4.

The thicknesses of the lithologic types given in Table 4 are only ap-
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TABLE 4

Thickness, In Feet, of Different Types of Sediments Encountered
In Wells Penctrating the Patuxent Formation
In the Baltimore Industrial Area
(Data obtained from drillers’ logs)

Thickoeaa of
Well Sand and/or Clay and/or Saody Saod and formatioo
gravel bard rock clay clay penetrated
(feet)
(Harbor district)
2S]1E-3 36 115 0 0 151
3S1E-15 79 37 6 0 122
3S2E-1 13 75 9 0 97
(Average) 43 75 5 0 123
(Highlandtown district)
1S3E-7 69 40 13 55 177
1S3E-8 30 75 59 21 185
1S3E-19 61 i 0 0 138
1S4E-2 87 68 14 0 169
(Average) 62 65 21 19 167
(Canton-Dundalk district)
233E-17 102 35 0 0 137
2S4E-1 64 46 0 21 131
2S4E-12 34 53 10 0 97
3S3E-34 46 11 16 0 73
3S5E-30 104 33 34 9 180
Bal-Fe 16 65 90 4 7 166
(Average) 69 45 11 6 131
(Fairfield district)
4S3E-4 39 1 9 10 59
5S2E-20 79 45 51 12 187
SS3E-2 80 62 5 1 148
SS3E-17 68 28 83 0 179
5S3E-45 87 118 26 0 231
SS3E-46 85 43 70 8 206
(Average) 73 49 41 5 168
(Curtis Bay district)
6S2E-1 97 10 19 0 126
6S2E-3 134 26 9 4 173
6S2E-7 9% 5 6 19 126
6S2E-32 103 27 34 0 164
6S2E-36 90 40 0 0 130
6S3E-2 132 139 25 0 296
6S3E-6 52 29 10 0 81
6S3E-8 35 10 55 10 110
(Average) 92 36 19 4 151
(Sparrows Point district)
Bal-Gf 10 157 41 42 0 240
Bal-Gf 11 144 42 43 0 229
Bel -Gf 12 129 99 67 0 295
Bal-Gf 53 167 115 15 2 299
Bal -Gf 78 103 142 6 0 251
Bal-Gf 139 148 86 21 16 271
Bal -Gf 161 65 105 0 5 182
Bal-Gf 171 56 161 10 0 217
(Average) 121 99 25 3 248
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proximate, as the type of material cannot always be determined accurately
even from drill cuttings, and the classification of the material probably is not
the same for different drillers; nevertheless, the thickness reported for the
sand and gravel probably is sufficiently accurate for a general evaluation of the
water-bearing properties of the formation. The thickness of the sand and
gravel has a wide range, but in general about half the formation consists of
material classed by the drillers as sand and gravel. It is likely that most of
this material is sufficiently permeable to be considered water-bearing.

The proportion of sand and gravel is less in the Harbor and Highlandtown
districts, which are in or near the outcrop area, than in the other districts,
which are farther down dip away from the outcrop.

Although not all of the wells in Table 4 completely penetrate the Patuxent
formation, it is apparent that the total thickness of sand and gravel has a
wide range in all the districts, thus reflecting the irregularity and discontinuity
of individual beds. For example, in the Sparrows Point district the sand
thickness for well Bal-Gf 171 is 56 feet in a total penetration of 217 feet,
whereas well Bal-Gf 11, about 1.5 miles to the northwest, passed through 144
feet of sand in a total formation penetration of 229 feet.

Much of the clay encountered in wells penetrating the Patuxent formation is
tough and “waxy” and requires more time for drilling than the sands or sandy
clays; consequently, records of drilling time, which measure the rocks’ tough-
ness and resistance to abrasion, provide a means of comparing the lithologic
character of the sediments. Figure 6 includes records of drilling time for
two wells penetrating the Patuxent formation in the Fairfield and Dundalk
districts. The character of the drilling-time curve for well 5S3E-46 in the
Fairfield district indicates that the formation is composed chiefly of thin al-

ternating layers of clay, sand, and sandy clay. In contrast the curve for well
3SSE-30 in the Dundalk district indicates that the Patuxent formation is com-

posed of much thicker beds of sand with a relatively small amount of clay.
With the possible exception of the relatively thick zone of clay near the
bottom of each well, the two curves show that most of the individual beds are
not continuous between the wells.

The sand and gravel in the Patuxent formation consists chiefly of subangular
to subrounded grains of colorless to white quartz, although some grains are
more highly colored. The sand is commonly arkosic and a large part of the
material classed as sandy clay by the drillers is sand containing kaolin derived
from the decomposition of feldspar. Nearly all the samples of drill cuttings
contain particles of lignite, but this may not be significant because lignite has
a relatively low specific gravity and circulates in the mud fluid during drilling,
contaminating practically all the drill cuttings.

Hard layers of sandstone, cemented by iron oxide, are encountered in
most of the wells penetrating the Patuxent formation. These layers are gen-
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erally less than 2 feet thick. As they are difficult to drill through, they have
been misjudged in a few places to be the crystalline rocks of pre-Cambrian age.

The heavy minerals in the sands of the Patuxent formation are sufficiently
different from those in the Patapsco formation and Pleistocene deposits to
permit distinction of the formations. Table 5 gives a tabulation of the heavy
minerals in the sediments penetrated by well 3SSE-30 in the Dundalk district.
The heavy-mineral suite is composed predominantly of zircon, tourmaline, and
staurolite, with minor amounts of rutile, sillimanite, and kyanite. The most
significant feature of the Patuxent formation is the relatively high content of
staurolite.

In 1896, with the relatively few data available at that time, Darton (1896,
pp. 142-148) divided the unconsolidated sediments, in the Baltimore industrial
area, into three water-bearing zones, which he called A, B, and C. These
zones, which are equivalent to most of the Patuxent formation, were con-
sidered to be at intervals of about 40 feet upward from the crystalline rock of
pre-Cambrian age, and to be separated by sheets of clay and fine sand. A
fourth zone, which Darton called D, is equivalent to a part of the Patapsco
formation. A later report (Clark, Berry, and Mathews, 1918, pp. 338-350)
used Darton’s water-bearing zones in classifying most of the wells that had
been drilled in the Baltimore area up to that time, although the zones were
called Patuxent 1, 2, 3, and 4, thus apparently including sediments of Patapsco
age with the Patuxent formation.

Several cross sections and an elaborate peg model, in which practically all
the available logs of wells in the Baltimore area were represented, failed to show
any part of the Patuxent formation as a continuous zone. The only possible
exception is the zone of clay in the lower part of the formation in the Dun-
dalk district and possibly the Fairfield district. This interval of clay appeats
to separate, at least locally, zones of water-bearing sand and gravel, but as
the artesian head is the same for both zones it is not likely that the separation
is continuous over a large area.

In some parts of the Sparrows Point district there appear to be two ill-
defined water-bearing zones in the Patuxent formation, about 400 to 500 feet
and 600 to 700 feet below the land surface, but the artesian head is identical
for both zones and pumping tests show that water moves rather freely between
them. Thus the geologic and hydrologic information indicates that the Patuxent
formation in the Baltimore area functions as a single hydrologic unit and is
not composed of separate widespread water-bearing zones. This, however,
should not be construed to mean that the Patuxent formation cannot be divided
into stratigraphic units. Detailed studies of heavy-mineral content, together
with electrical logs, probably would afford adequate information for separating
the formation into several units. However, the movement of ground water is
governed by the laws of fluid mechanics and is not necessarily controlled by
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stratigraphic units based, for example, on heavy mineral content, or on vertical
differences in lithology of only local extent.

The thickness of the Patuxent formation cannot always be determined
accurately from well logs. In some places the upper part of the formation con-
tains clay similar to the overlying Arundel clay thus obscuring the contact be-
tween them. At some localities, where drill cuttings or drilling-time data
were available, the top of the formation was readily determined (fig. 6).
These determinations served as a guide for interpreting drillers’ logs in which
the top of the formation was not apparent. The thickness of the Patuxent
formation in the subsurface ranges from about 150 to 300 feet and in most
of the Baltimore area is about 200 feet (Pl. 6). The greatest thickness of
the formation is in the Sparrows Point district where in some wells it is as much
as 300 feet.

ORIGIN OF SEDIMENTS

Knowledge of the origin of the Patuxent sediments and the process by which
they were deposited is helpful in making predictions as to the character and
relative productivity of the formation in different areas.

Although a considerable amount of information on the character of the
sediments of the Patuxent formation was obtained it is not adequate to
explain fully the major sedimentational features. Furthermore, the structural
movements of the crystalline rocks that led to increased erosion and to de-
position of the sediments are not well understood. Aside from a general
description of the manner of deposition of the sediments, an explanation of
the areal differences in lithology is, therefore, largely speculative.

The moderately uniform plain of the crystalline-rock surface beneath the
Coastal Plain, which has been called the Fall Zone peneplane (Sharp, 1929),
has been considered coextensive with the Schooley peneplane in the Appalachian
Mountain area (Davis, 1889, pp. 183-253), which in central Maryland is
marked by the even crest lines and broad flat areas on some of the mountain
tops at an altitude of 1,800 to 2,000 feet (Stose, 1946, p. 7). In the Balti-
more area, however, the eastward slope of the Fall Zone peneplane is much
steeper than the slope of the Schooley peneplane in the Appalachian area,
indicating (1) that there have been structural movements, particularly an
eastward tilting of the Fall Zone peneplane, or (2) that the two peneplanes were
not formed at the same time and therefore are not related. Johnson (1931)
and Shaw (1918, pp. 575-586) have presented evidence against considering
the two peneplanes coextensive. Their conclusion is based chiefly on the
marked difference in slope of the two peneplanes, and that the extensive uni-
form alignment of the Fall Line could best be explained by the intersection
of two peneplanes rather than monoclinal flexing.

Stose (1940, pp. 461-476), however, has challenged this conclusion. He
shows that in New Jersey the flat remnants of the Schooley peneplane form a
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gradual eastward descent to Tenmile Run Mountain where the gradient is
about 50 feet to the mile. This gradient is about equal to the gradient of the
bedrock floor beneath the Cretaceous sediments. Stose concluded, therefore,
that the Fall Zone and Schooley peneplanes are the same.

In any event, it seems certain that, after the beginning of Cretaceous time,
some structural movements of the crystalline rocks were necessary before these
rocks could be extensively eroded and the resulting debris transported eastward.
Those movements may have consisted essentially of an elevation of the rocks
west of the present Fall Line, an eastward tilting of the rocks east of the
present Fall Line, or perhaps a combination of both. The differential tilting
caused the crystalline rocks, chiefly in the Piedmont Plateau, to be eroded
and the debris to be transported to the depressed area east of the Fall Line.

The character of the sediments of the Patuxent formation provides the most
significant information on the conditions under which the sediments were de-
posited. The arkosic sediments in the formation show that disintegration of
the source rock was rapid and the resulting debris was transported quickly.
Arkosic sediments of this type are commonly derived from granitic areas of
steep and youthful topography (Krynine, 1941). The lenticular and irregular
character of the sediments, the cross lamination of the sand and gravel deposits,
the irregularly-shaped pieces of clay in the sand (clay galls), and the absence
of marine fossils indicate that the Patuxent formation, at least within the Balti-
more area, is continental. The exact manner in which the sediments were
transported from the Piedmont area to the depressed area east of the Fall Line
is not apparent, but it would seem logical that large coalescing alluvial fans
were formed, fanning out to the east from the high crystalline-rock area west
of the Fall Line. The alluvial fans probably merged eastward with sediments
formed under a valley-flat environment characterized by numerous stream
channels and associated flood plains containing lakes and swamps. Although
a part of the Patuxent formation in or near its outcrop area may contain sedi-
ments deposited as alluvial fans, most of the Patuxent formation in the
Baltimore area probably was deposited in the channels and flood plains of
streams. It is characteristic of this environment that, in general, sand and
gravel is deposited in the channels and silt and clay in the flood plains
(Twenhofel, 1926, p. 569), but it is likely that the streams did not remain
in fixed positions.

It would be most reasonable to assume that the streams flowed southeast-
ward from the Piedmont highlands and that, owing to a gradual decrease in
gradicnt, the sediments deposited from them would become finer-grained
toward the southeast. If these conditions existed, the sediments in or near
the present outcrop area of the formation should be coarser and more permeable
than the sediments farther east, and the “trains” of coarse material or the
“grain” of the formation would trend to the southeast, perpendicular to the
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Fall Line. However, in the vicinity of Baltimore the quantity and permeability
of the sand and gravel increase east of the outcrop area; and, if the sand
and gravel deposits have any preferred direction, it is approximately parallel
to the Fall Line. Of course, in relation to the areal extent of the entire for-
mation the Baltimore area is only a very small “sample”. In other areas the
conditions may be different. Nevertheless, those conditions indicate the sedi-
mentational history of the Patuxent formation is complex, and an analysis
of the origin of the sediments that merely applies the general principles of
geology and sedimentation would be over-simplified. The inhomogeneity and
seemingly irregular sedimentational features of the formation should be kept
in mind, as they affect the occurrence and movement of ground water.

WATER-BEARING PROPERTIES

The Patuxent is the most important water-bearing formation in the Balti-
more area, but, in general, only a part of the formation is composed of ma-
terial that is sufficiently coarse and permeable to be classed as water-bearing.
The sand and gravel mixture that composcs the water-bearing material is
heterogeneous, consisting of a wide range of grade sizes and, in some beds,
containing a large proportion of clay. Near the base of the formation the
sediments appear to be very permeable, as they contain a large amount of
pebbles and cobbles; but in many places these, together with grains of sand
and gravel, have been cemented with clay, making the material practically im-
pervious. Drill cuttings from wells show that much of the sand contains
pieces of clay which through drilling are broken up and disseminated through-
out the sand, making the sediments appear as a relatively impervious sandy clay;
hence some of the material classed as sandy clay in the drillers’ logs probably
is permeable sand. Near the outcrop area much of the sand contains dissemi-
nated kaolin which imparts a milky color to the water pumped from some
wells.  With continued pumping the water usually becomes progressively
clearer, but a few wells have been abandoned because the milky color persisted.

The most permeable water-bearing material is represented by the sand and
gravel that is termed “'free” by some drillers. This term is applied to the sand
and gravel that is drilled easily and that caves or moves into the well during
drilling.

The thickness of sand and gravel reported in drillers’ logs (Table 4) shows
a wide range, indicating, therefore, that the hydrologic properties of the
formation are not uniform.

Yield of Wells
The yields of wells screened in the Patuxent formation provide a general
index of the permeability of the water-bearing material, but it should be
recognized that the yields also depend on the thickness of the water-bearing
material screened, the efficiency of the well, and the drawdown. In the Balti-
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more area very few wells are screened in all the water-bearing material pene-
trated; therefore many of the wells yield much less than the maximum yield
that could be developed.

The yields of large-diameter wells drilled in the Patuxent formation in the
vicinity of Baltimore have a wide range but most are about 400 to 600 gallons a
minute, although at one time a few wells had yields of as much as 1,000 gallons
a minute. Industrial wells, ending in the Patuxent formation, in the Dundalk
and Sparrows Point districts have the largest yields, generally amounting to
500 to 900 gallons a minute. The industrial wells in and near the outcrop area
(Back River, Highlandtown, and Harbor districts) generally have yields of
200 to 300 gallons a minute, which is less than the average yields of indus-
trial wells in any of the districts down the dip to the east.

The wells (Har-Ed 1 to 25) at the Army Chemical Center, about 15 miles
northeast of Baltimore, have yields of less than 400 gallons a minute, even
though some of the wells probably draw water from both the Patuxent and
Patapsco formations. These relatively low yields indicate that in this patt of
the area the thickness and permeability of the water-bearing material in the
Patuxent formation are less than in most of the districts in and near Baltimore.

The wells at the Aberdeen Proving Ground, in the northern part of the area
near Aberdeen, have yields of as much as 645 gallons a minute (well Har-
Df 9), but it is likely that a large part of the water from these wells is drawn
from sediments of Pleistocene age.

Wells near the outer edge of the outcrop of the Patuxent formation, where
the saturated thickness is relatively thin, have small yields. For example, the
public-supply wells at Aberdeen (wells Har-Ce 1 to 9) have yields ranging
from 11 to 40 gallons a minute; however, these wells are spaced closely and
the yields were determined when several wells were pumping.

Few data are available on the water-bearing properties of the Patuxent for-
mation in the southern part of the area, as neatly all the wells drilled to the
formation in that area are used for domestic purposes, which require a relatively
small supply of water. So far as is known the largest yield from a well in
the Patuxent formation in this part of the area is from well AA-Bb 4 at the
District Training School near Laurel, where a yield of 100 gallons a minute
was obtained. The pump in that well, however, is set only 40 feet below the
land surface, limiting the drawdown to a small amount; furthermore, the
well is near the outcrop of the Patuxent formation where the thickness of
the water-bearing material may be less than farther down the dip.

Specific Capacity of Wells

The specific capacity of a well, which is the yield per unit of drawdown and
generally expressed in gallons a minute for each foot of drawdown, is a more
accurate measure of a formation’s capacity to yield water than is the yield of a
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well. The specific capacity takes into consideration the drawdown in the well,
thus eliminating one variable that strongly governs the yield. However, the
specific capacity is affected by the efficiency of the well, the thickness of water-
bearing material screened, and to some extent by the duration of pumping dur-
ing which the specific-capacity test is made. Consequently, the specific capaci-
ties reported in Table 6, many of which are based on reported static and pumping
water levels measured several days apart and which generally represent wells
screened in only a small part of the water-bearing material, should be considered
only as a rough measure of the formation’s capacity to yield water.

The specific capacities in Table 6 range from 1.3 to 19.6 gallons a minute
per foot of drawdown and average 7.9. The average specific capacities re-
ported for each district are: Highlandtown, 5.2; Canton, 8.5; Dundalk, 12.9;
Fairfield, 7.3; Curtis Bay, 7.6; and Sparrows Point, 8.4. The specific capacity
of a single well in the Back River district is 1.8. Except where a relatively
large number of figures are available, as for the Fairfield and Sparrows Point
districts, the average specific capacities may not be representative.

Permeability, Transmissibility, and Storage Coefficients

The properties of a water-bearing formation that determine its capacity to
transmit water and to release water from storage are the coefficients of perme-
ability, transmissibility, and storage. The coefficient of permeability, as de-
fined by Meinzer (Stearns, 1928, p. 148), is the rate of flow of water, in
gallons a day, through a cross-sectional area of 1 square foot, under a hydraulic
gradient of 100 percent at a temperature of 60° F. This coefficient also may
be expressed as the number of gallons of water, with a temperature of 60° F.,
that would flow through a strip of water-bearing material 1 mile wide and 1 foot
thick, under a hydraulic gradient of 1 foot per mile. The unit of this co-
efficient of permeability is termed the meinzer. The field coefficient of
permeability denotes the rate of flow under the prevailing temperature and
other conditions in the aquifer being investigated.

The coefficient of transmissibility (Theis, 1935, p. 520) is the product of the
field coefficient of permeability times the thickness of the saturated part of
the aquifer. It may, therefore, be expressed as the quantity of water, in
gallons a day, that flows through a strip of the aquifer 1 mile wide under
a hydraulic gradient of 1 foot per mile.

The coefficient of storage is the quantity of water, in cubic feet, that is dis-
charged from each vertical column of the aquifer with a basal area of 1 square
foot for each foot of lowering in head.

These hydrologic properties of an aquifer, which may be determined by
laboratory methods or by field methods, particularly by pumping tests on
wells, define the water-bearing properties of an aquifer just as the thermal
conductivity and specific heat define the properties of a metal in heat-transfer
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TABLE 6

Specific Capacity of Some of the Industrial Wells Screened in
the Patuxent Formation in the Baltimore Industrial Area
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Well Location (gal.Yl:l::in.) Specific Capacity
Bal -Fe 8 Back River district 200 1.8
1S3E-2 Highlandtown district 400 6.0
1S3E-3 do. 320 2.8
1S3E-4 do. 125 2.0
1S3E-7 do. 85 1.6
1S3E-19 do. 150 2.0
1S4E-1 do. 500 16.6
2S3E-64 Canton district 504 7.4
3S2E-1 do. 60 15.0
254E-1 do. 240 3.1
2S5E-1 Dundalk district 260 12.4
3S4E-1 do. 450 19.6
3S5E-31 do. 750 6.8
4S2E-2 Fairfield district 90 18.0
5S2E-2 3 214 $63
5S2E-20 do. 310 9.7
5S3E-2 do. 595 8.4
5S3E-4 do. 70 5.0
5S3E-6 do. 52 355
5S3E-12 do. 500 6.3
5S3E-13 do. 83 7.3
5S3E-14 do. 82 9.0
5S3E-21 do. 193 9.0
5S3E-33 do. 375 2.6
5S3E-34 do. 275 3.8
5S3E-37 do. 390 3N
5S3E-38 do. 860 10.2
6S2E-4 Curtis Bay district 410 3.9
6S2E-9 do. 650 9.0
6S2E-31 do. 60 4.6
6S3E-8 do. 500 19.2
AA-Ad 8 do. 100 1.3
Bal-Gf 3 Sparrows Point district 460 8.0
Bal Gf 5 do. 550 8.8
Bal-Gf 8 do. 620 12.4
Bal-Gf 9 do. 510 8.0
Bal-Gf 11 do. 690 T2,
Bal-Gf 12 do. 410 10.5
Bal-Gf 16 do. 520 7.7
Bal-Gf 32 do. 620 14.4
Bal -Gf 52 do. 605 12.6
Bal-Gf 74 do. 235 3.2
Bal -Gf 105 do. 540 11.5
Bal -Gf 139 do. 550 9.6
Bal -Gf 199 do. 364 5.9
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problems, or as resistivity and capacitance define the properties or characteristics
of some electrical circuits.

During the period of field work for this report, only a few new wells were
drilled into the Patuxent formation in the vicinity of Baltimore, so that only
a small number of samples of water-bearing material were collected for de-
termination of permeability. Cuttings from only a few wells drilled prior to
the investigation were available. Table 7 gives the coefficients of permeability
of several samples from three wells in Baltimore, determined with a U. S.
Geological Survey variable-head permeameter (Wenzel, 1942, pp. 59-62).

As the sediments in the Patuxent formation are largely unconsolidated,
the arrangement of the grains in samples obtained in drilling is not the same
as it is under natural conditions. That factor as well as several others prevent
a reasonably accurate determination of the permeability of the formation by
laboratory methods. Nevertheless, in relation to each other the permeability
figures given in Table G probably are reasonably correct; they are useful, there-
fore, in showing the degree of inhomogeneity of the water-bearing material
in the formation.

There are several mathematical formulas, based on the behavior of the
water table or piezometric surface around a pumped well, that can be used to
determine the coefficients of transmissibility and storage. Those formulas are
of two basic types, equilibrium and nonequilibrium, but Wenzel (1942,
pp. 90-91) has demonstrated that when the time of discharge is large
the two types of formulas are essentially equal. The basic equilibrium formula
is known as the Thiem formula (Wenzel, 1936, p. 81), which for artesian
conditions is

527.7q log%’
T=——— 1

51— S2

where T is the coefficient of transmissibility; q is the rate of pumping in gallons
a minute; r, and r, are the distances, in feet, of two observation wells from
the pumped well; and s, and s, are the respective drawdowns, in feet, of the
water levels in the two observation wells.

The basic nonequilibrium formula, developed in 1935 under the direction

of Theis, is
S =_m 1.87r28 S du
T T U

where s is the drawdown or recovery, in feet, at any point within the cone of
influence, q is the discharge of the pumped well in gallons a minute, T
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TABLE 7
Coefficient of Permeability of Drill-Cutting Samples
of Water-Bearing Material in the Patuxent Formation
Depth interval Coefficient of
Well below land surface permeability
(feet) (gal./dny/ft..2 at 60°F.)
5S2E-2 199-203 5[5
(Fairfield district) 203-205 2 500
205-209% 2,050
209%-211% 1,500
211%-215% 3,200
215%-219% 1,600
219%-221% 1,950
238-250 275
321-323 13,000
323-325 15,000
327-331 150
3SSE-30 190-195 2,200
(Dundalk district) 195-199 4. 100
247-248 675
248-252 2, 600
253-255 2,150
255-257 3,050
259-261 4,850
261-265 280
289-293 250
350-355 3,600
382-386 5, 100
1S4E-19 178-183 550
(Highlandtown district) 183-188 1,100
200-201 600
219-237 800
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is the coefficient of transmissibility, S is the coefficient of storage, r is the
distance in feet of the observation point from the pumped well, and t is
the time in days since pumping was started or stopped.

There are some variations (Fishel, 1946; Cooper and Jacob, 1946, pp.
526-534) of the two preceding formulas that simplify the computations.

All the formulas are based on ideal conditions that are seldom, if ever,
realized in nature. They assume that the aquifer is infinite in areal extent,
that it is homogeneous and isotropic (transmits water equally in all directions),
that it is bounded at the top and bottom by impermeable material, that it
has a uniform thickness, and that water is released instantaneously from storage
with 2 decline in head. They further assume that the discharging well is of
infinitesimal diameter, completely penetrates the aquifer, and the flow of
the water toward the well is radial or two dimensional.

The principal data used in determining the coefficient of transmissibility by
the Thiem formula are the differences in drawdown or recovery in two ob-
servation wells, after the cone of depression has reached equilibrium, at least
as far out as the most distant observation well, caused by pumping or shutting
down one or more wells or by changing the rate of pumping. The Theis non-
equilibrium formula, which can be used to determine both the coefficients of
transmissibility and storage, may be applied to the drawdown or recovery in
a single observation well or to the drawdown or recovery in two or more ob-
servation wells. For determining the coefficient of transmissibility the non-
equilibrium formula also may be applied to the rate of recovery or drawdown
in the pumped well or any observation well. All of these methods were used
in pumping tests in the Baltimore area and most sets of pumping-test data
were analyzed by means of several formulas. An example of the application
of two nonequilibrium formulas (which, of course, have the same basis and
differ only superficially) is given in Figure 7. The formula given under A is
a variation of the Theis nonequilibrium formula devised by Cooper and
Jacob (1946, pp. 526-534) and the formula given under B is the Theis re-
covery formula (Theis, 1935, pp. 519-524).

In this example well Bal-Gf 5 (Sparrows Point district), after being pumped
at a rate of 370 gallons a minute (0.825 cubic feet a second) for several weeks,
was shut down and the recovery of the water level in Bal-Gf 6, which
is 140 feet from well Bal-Gf 5, was measured during a period of 108 minutes,
The plotted values of the recovery in well Bal-Gf 6 form essentially a straight
line on a semilogarithmic graph, which is in accord with the theory upon
which the formula is based.

A summary of the results of the pumping tests of wells ending in the
Patuxent formation is given in Table 8. Most of the tests have been analyzed
by more than one formula in order to average out the human-element error that
is inherent in the construction or matching of curves.
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The computed values of transmissibility and storage have a wide range;
however, this inconsistency may be explained in part by the poor data obtained
in some of the pumping tests. An attempt was made to evaluate the accuracy
of the tests, chiefly by judging the alinement of the plotted drawdown or
recovery cutves against their theoretical alinement. The evaluations of the ac-
curacy of the tests range from poor to excellent; they are shown in the last
column of Table 8. _

Most of the pumping tests were run on wells in the Sparrows Point district
where reasonably good control of the pumping of wells could be maintained,
thus preventing any extraneous influence on the drawdown or recovery of the
water level in the observation wells. Using only the coefficients of trans-
missibility and storage obtained from tests in this district that were rated good
or excellent, the average coefficient of transmissibility is 50,000 gallons a day
per foot and the average cocfficient of storage is 0.00026; and the range in
transmissibility and storage is from 28,500 to 75,600 and 0.000011 to
0.00080, respectively.

Although most of the pumping tests in the Dundalk district are rated
as good, it is likely that the computed values are not representative of the
entire aquifer, as none of the wells used in these tests are screened in the
lower part of the aquifer, which is separated locally from the overlying water-
bearing material.

The wide range in coefficients obtained from the pumping tests in the Sparrows
Point district probably is due in part to the inhomogeneity of the aquifer;
however, it also may be caused partly by the wide departure from radial
flow assumed in derivation of the formulas. In some of the tests the pumped
well and the observation wells were screened in only a small part of the
aquifer; hence, water moving toward the pumped well had a vertical com-
ponent. This may cause a large error in the drawdown or recovery in the
observation well; consequently, some of the computed coefficients of trans-
missibility and storage may be in error. Under ideal conditions, water will
flow radially toward a partially penetrating pumped well beyond a distance
of about twice the thickness of the aquifer (Muskat, 1937, p. 271). How-
ever, if the permeability is larger in a horizontal than in a vertical direction,
as it is in most formations having stratification, then the zone of nonradial
flow would extend a greater distance outward from the pumped well. Un-
fortunately, most of the pumping tests in the Baltimore area necessarily utilized
observation wells within a few hundred feet of the pumped well; consequently
the error introduced by the vertical component of flow probably is large.
Jacob (1945) recently devised a method for correcting the drawdown and
recovery affected by nonradial flow; however, in general his method is prac-
tical only when applied to aquifers that have a reasonably uniform thickness
and in which the observation wells are screened at either the top or the
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bottom of the aquifer. In any event, it seems likely that the water-bearing
material in the Patuxent formation is so irregular that any attempt to cerrect
for partial penetration would be futile. ]

The irregular character of the sediments, together with the necessity of
using partially penetrating wells that are closely spaced, leads to the con-
clusion that most of the computed values of transmissibility given in Table
8 should be considered correct only to a general order of magnitude. The
coefficients of transmissibility determined from some of the tests in the Sparrows
Point district, however, may be reasonably accurate, but the computed value
of transmissibility of the formation in this district, which averaged about 50.000,
is not necessarily representative of the transmissibility in other parts of the
Baltimore area.

The accuracy of computed coefficients of storage also is limited by the errors
inherent in the pumping-test methods under poor conditions. The average
coefficient of storage of 0.00026, determined in the Sparrows Point district
where considerable geologic and hydrologic information is available, is be-
lieved to be reasonably correct and probably is fairly representative of the
Patuxcnt formation throughout the area. If this figure is converted to 2 unit
basis by dividing it by the estimated effective sand thickness the storage co-
efficient becomes 3.2 x 10-6 per foot of thickness of the aquifer. This
figure is in general agreement with several reported coefficients of storage,
converted on a similar basis, obtained from pumping tests in unconsolidated
water-bearing material in artesian aquifers chiefly in the Gulf Coastal Plain;
however, such a close agreement may be largely fortuitous.

The coefficient of storage of 0.00026 applies only to the Patuxent forma-
tion where the water occurs under artesian conditions. Under artesian con-
ditions the material remains saturated and the small amount of water repre-
sented by the coefficient of storage is derived by compaction of the aquifer
and associated fine-grained beds and by expansion of the water itself, as
the water level declines. In the outcrop area where the water generally occurs
under water-table conditions the coefficient of storage (specific yield) is con-
siderably higher. There a large proportion of the water is drained from
the watcr-bearing material when the water table is lowered. Owing to the
diffculty of controlling extraneous pumping, no tests were made to determine
the specific yield in the outcrop area. However, in water-bearing moterial
similar to that in the Patuxent formation it is typically about 0.15 to 0.20.

Thus the coefficient of storage in those parts of the formation where the
water-bearing material is dewatered by a decline in the water table (chiefly
the outcrop area) is approximately 1,000 times larger than the coefhicient of
storage in the artesian area.

The transmissibilities determined by pumping-test methods represent only
small “samples” and therefore may not be representative evaluations of the
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transmissibility of the Patuxent formation over a large area. Thus in order
to determine the average coefficient of transmissibility in the different parts
of the Baltimore industrial area, the configuration of the piezometric surface
surrounding the localities of heavy pumpage was analyzed by construction
of a flow net® (Pl. 7). On this flow net the dashed lines are flow lines
which under ideal conditions mark the path that a particle of water would
follow to the point of discharge. The solid lines that cross the flow lines are
called equipotential lines and represent the contours connecting points of
equal altitude, in feet below sea level, of the artesian head. Under ideal
conditions, where the water-bearing material is homogeneous and isotropic,
the flow lines cross the equipotential lines at right angles, as that is the
direction of maximum gradient.

The flow net shown on Plate 7 was constructed so that, where possible, the
intersecting equipotential and flow lines formed “squares”; that is, in a single
“square” or flow field, the distance between the equipotential lines is equal
to the distance between the flow lines. This method of constructing flow nets
is known as the Forchheimer graphical solution (Casagrande, 1937, pp. 135-
137).

If the permeability and transmissibility of the water-bearing material were
uniform the same quantity of water would flow between any two flow lines and
the quantity of water flowing into a discharge point, for example a well or
group of wells, would be determined by the number of flow paths. This
relationship may be expressed by the following equation:

q = quantity of water, in gallons a day
nf = number of flow paths
nd = number of equipotential drops
T = coefficient of transmissibility, in gallons a day per foot
— total decrease in head, in feet

Flow nets are constructed more readily for problems in which the coefficient
of transmissibility is uniform than where it is not, for differences in trans-
missibility cause the flow lines and equipotential lines to change direction at
the boundary between the two areas of different transmissibility. This change
in direction or refraction follows the tangent law (Hubbert, 1940, pp. 844-
847). Furthermore, after passing into a medium of higher or lower trans-

3For discussion of flow-net analysis see Taylor, Donald W., Soil mechanics, pp. 156-204,
John Wiley & Sons, Inc., 1948.
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missibility, the intersecting flow and equipotential lines change from “squares”
to “rectangles.” The ratio of the lengths of the sides of the “rectangles” is
equal to the ratio of the two transmissibilities.

In the Baltimore area the transmissibility of the Patuxent formation is not
uniform; consequently, the flow net on Plate 7 ideally should be composed
of “rectangles” with different lengths and widths. However, the chief purpose
of a flow-net analysis of the Baltimore area was to determine the coefficients
of transmissibility rather than the quantity of water discharged from wells.
That quantity was determined more accurately by means of measurements and
estimates of pumpage. The quantity of discharge being known, the approxi-
mate coefficients of transmissibility were determined from the flow net con-
structed by means of the Forchheimer graphical solution. The control for
the cquipotential lines was obtained by the measurements of the altitude of
the water levels in observation wells. The net was then drawn by trial and error
so that the equipotential lines fitted most of the observed water-level meas-
urements but at the same time formed a system of "'squares,” wherever possible,
with the intersecting flow lines. Although the net could be improved further,
a perfect system of “squares” that would fit all the observed water-level data
probably could not be constructed. Further improvement of the net would
not change appreciably the computed coefficients of transmissibility.

By this method of construction the density of flow paths into the localities
of discharge is controlled by both the quantity of discharge and the trans-
missibility; as the quantity of discharge is known, the transmissibility can be
determined from the equation

. .
nf b
nd

=

For example, in 1945 the average discharge from the Patuxent formation in
the Sparrows Point district was 7,500,000 gallons a day. The flow net shows
15 flow paths surrounding this district, hence nf equals 15. Using the
number of equipotential drops between the 30- and GO-foot contours, nd is
equal to 3. “The total head loss or potential drop between the 30- and 60-
foot contours is 30 feet, therefore h is equal to 30 feet.

The equation is thus:

T — 7,500,000 (gallons a day)

15 (flow paths)
x 30 (total head loss)

3 ( pdtzniialwdrops)
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7,500,000
or T =———— = 50,000 (gallons a day/foot).
15x 10

The coefficients of transmissibility determined by this method for the
districts in the Baltimore area are given in Table 9.

As the application of this method of analysis in the Baltimore area has
many limitations, the coefficients of transmissibility in Table 9 should be con-
sidered approximate. The transmissibility may change abruptly between dif-
ferent parts of the area but the flow net assumes a gradual change. An abrupt
change increases the number of flow paths around the area of higher trans-
missibility and decreases the flow paths around the area of lower transmissi-
bility, and accordingly causes the computed lower transmissibility to be too high
and the computed higher transmissibility to be too low. This method of deter-
mining the transmissibility, however, includes large parts of the aquifer, thus
eliminating or decreasing appreciably the effect of local irregularities, and
furthermore avoids the error inherent in pumping-test methods where the
pumped well is screened in a small part of an aquifer as irregularly bedded
as the Patuxent formation. It is reasonable, therefore, to conclude that the
coefficients of transmissibility computed from the flow net are more fepre-
sentative and accurate for the area as a whole than the coefficients determined
by the pumping-test methods.

The coefficients of transmissibility determined by the flow-net analysis
range from 16,500 in the Back River district to 70,000 in the Dundalk and
Canton districts. The transmissibility in the districts in or near the outcrop
of the Patuxent formation is less than the transmissibility in the districts down
the dip southeast of the outcrop area. The average of the coefficients of trans-
missibility in the Back River, Highlandtown, and Harbor districts, which
are in or near the outcrop area, is about 19,500. This figure contrasts marked-
ly with the average coefficient of transmissibility of about 51,500 in the
Dundalk-Canton, Sparrows Point, and Curtis Bay-Fairfield districts, which
are down the dip southeast of the outcrop. This difference in transmissi-
bility may be explained in part by the difference in sand thickness in the Pa-
tuxent formation between the districts in or near the outcrop area and those
down the dip to the southeast. Thus, in the Harbor and Highlandtown dis-
tricts the average sand thickness is about 50 feet, whereas the average sand
thickness in the Dundalk-Canton, Curtis Bay-Fairfield, and Sparrows Point
districts is about 90 feet (Table 4). The higher transmissibility of the for-
mation in the districts down the dip also is reflected in the yields of wells.
Wells in those districts generally yield about 500 to 900 gallons a minute,
whereas wells in the districts in or near the outcrop area yield about 200 to
300 gallons a minute. The average specific capacity of wells reported in Table
6 also shows the areal differences in transmissibility. The highest average
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specific capacity, 12.9, is in the Dundalk district, which according to the flow-
net analysis also has the highest transmissibility; the lowest specific capacities,
1.8 and 5.2, are respectively in the Back River and Highlandtown districts,
which according to the flow-net analysis have low transmissibilities.

Further support for the accuracy of the transmissibilities determined by
the flow-net analysis is given by the average coefficient of 49,700 obtained
from several pumping tests in the Sparrows Point district. This figure is
nearly the same as the coefficient of transmissibility of 50,000 determined
by the flow-net analysis for this district; but such close agreement is probably
accidental.  Nevertheless, practically all the data on the water-bearing prop-
erties of the Patuxent formation, including yields of wells, thickness of water-
bearing material, specific capacities, and pumping tests, are in harmony with
the transmissibilities obtained by the flow-net analysis.

UPPER CRETACEOUS SERIES

ARUNDEL CLAY
DISTRIBUTION AND CHARACTER

The Arundel clay (formerly known as the Arundel formation) was named
by Clark and Bibbins (1897, p. 485) for its exposure in Anne Arundel
County, where it was first recognized as a stratigraphic unit. The formation
crops out as an irregular belt, from about half a mile to 3 miles wide (Pl 2),
extending northeastward across the area to the vicinity of Bush River (Mary-
land Geol. Survey, 1933), about 20 miles northeast of Baltimore, where
it either pinches out or changes in lithology so that it is not recognizable
as a stratigraphic unit. The continuity of the outcrop is broken by Gun-
powder Falls and the Patapsco and Back Rivers, and, in a few places, by over-
lapping sediments of Pleistocene age. The formation is not well exposed
except where it is excavated for the production of clay.

On the outcrop the Arundel clay is composed chiefly of gray and red clay
containing irregularly shaped hard layers and masses of sandstone cemented
by iron oxide, and geodes and nodules of limonitic material. Much of the
clay is practically free of sand, although in some places it contains lenses
of sand and sandy clay. The formation contains particles of lignite, and, in
some localities, plant fragments, including trunks, limbs, twigs, and leaves
(Clark, Bibbins, and Berry, 1911, p. 65). The sediments are of continental
origin and presumably were deposited in swamps.

In the part of the Baltimore industrial area southeast of the outcrop, the
Arundel clay is penetrated by many wells that end in the underlying Patuxent
formation. According to drillers’ logs the Arundel clay consists predominantly
of hard or tough red, blue, and brown clay with thin layers of indurated rock.
In general the top of the formation can be determined from the description
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of the sediments in the logs, but, owing to the similarity of lithology in the
upper part of the Patuxent formation, the bottom of the Arundel clay is
obscure in most drillers’ logs. If drilling time and drill cuttings are availatle,
the top and bottom of the Arundel clay may be determined accurately. Figure
6 shows the drilling time and lithologic logs of the three wells in the vicinity
of Baltimore. The drilling time required in the Arundel clay is relatively
great and because of this the formation is an excellent reference datum. Al-
though the well drillers commonly refer to the clay as being “hard”, owing
to the difficulty of drilling in it, actually the clay is rather soft and plastic.
It is resistant to abrasion chiefly because of its “greasy” or unctuous character.

In the vicinity of Baltimore the thickness of the formation ranges from
about 25 to 200 feet and in general the formation is thinnest near the outcrop
(Pl. 6). The average or typical thickness, in the vicinity of Baltimore, 1s
about 75 to 100 feet.

WATER-BEARING PROPERTIES
The Arundel clay is not considered to be a water-bearing formation. The
few sand lenses in the formation contain water, but as these lenses are of only
local extent wells ending m them probably would have small yields. No wells
in the Baltimore area are known to draw water from the Arundel clay.

CONFIGURATION OF SURFACE OF ARUNDEL CLAY

Plate 8 shows, by means of contours, the altitude of the top of the Arundel
clay in the Baltimore industrial area. This structural-contour map shows that
the formation has a moderately uniform dip of about 40 feet to the mile
toward the southeast. In the area northeast of Baltimore the strike of the
formation is northeast, but in the area southwest of Baltimore the strike
gradually changes to a more northetly direction. Some of the irregularity in
the configuration of the surface of the Arundel clay, indicated by the contours,
is due to erosion preceding the deposition of the sediments of the overlying
Patapsco formation. The shape of the contours in the Dundalk and Sparrows
Point districts suggests that a northwest-trending erosional depression is present
in the Arundel clay in these districts. Other erosional irregularities probably
would be apparent if additional well data were available.

PATAPSCO FORMATION

DISTRIBUTION AND CHARACTER
The Patapsco formation, which unconformably overlies the Arundel clay,
was named for its exposure in the vicinity of the Patapsco River (Clark and
Bibbins, 1897, p. 489). It crops out in a relatively broad belt (Pl. 2) ex-
tending northeast across the area; some parts of the outcrop area, however,
are covered by sediments of Pleistocene age and in these parts the width
of the outcrop is relatively small. The outcrop is crossed by some of the
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estuaries—for example, the Patapsco River; in those places the formation is
directly exposed to brackish water. The land surface on the formation is
gently rolling to flat and good cxposures are rare; however, in some localities
where sand and gravel is mined, the formation is well exposed (Pl. 23 A).

The sediments in the Patapsco formation are of continental origin and were
derived frem the same type of crystalline rocks as were the sediments of the
Patuxent formation. Hence the Patapsco formation is lithologically similar
to the Patuxent formation, consisting chiefly of unconsolidated sand, gravel,
and clay in_beds that are commonly lenticular or irregular. A large part
of the sediments contains disseminated kaolin derived from the decomposition
of feldspar grains; and some of the sand beds contain irregularly-shaped pieces
of clay. Cross-bedding is common, and the texture of the sediments changes
markedly within short distances. Thin layers or lenses of sandstone, cemented
by iron oxide to form hard rock, are present in places but are not as common
as in the Patuxent formation. Some parts of the formation contain small
fragments of lignitic material, similar to that in the Patuxent formation.
In gencral the sand and gravel beds are light gray to buff, and the clay
and sandy clay are white, gray, or red; some clay beds, however, are mottled
red and white,

The Patapsco formation is relatively unfossiliferous, but at some localities
specimens of plant remains have been collected.

Although examination of outcrops of the Patapsco formation provided
general information on its lithologic character, much more detailed data were
obtained from drillers’ logs and drill cuttings. The subsurface data show
that the formation is composed essentially of sand and gravel, clay, and
sandy clay in varying proportions. Table 10 gives the thickness of different

types of sediments encountered in wells penetrating the Patapsco formation
in the Baltimore industrial area. The sand and gravel, which is the water-

bearing material, has a wide range in thickness, ranging from about 20 to 80
percent of the thickness of the formation. The thickness of sand and gravel
is greatest in the Sparrows Point district where it averages about 95 feet.
The heavy minerals in the Patapsco formation are sufficiently diagnostic to
distinguish it from the overlying Pleistocene sediments and from the Patuxent
formation. Table 11 gives a record of the heavy minerals contained in drill-
cutting samples from well Bal-Gf 194 (Sparrows Point district) and in outcrop
samples in the Curtis Bay district. The heavy-mineral suite of the Patapsco
formation contrasts with the Pleistocene by its large amount of zircon and
tourmaline and by the small amount of garnet and hornblende. It contrasts
with the mineral suite in the Patuxent formation by its low content of staurolite.
(See also Table 5.) Except for the sample from 303-311 feet, the samples
of drill cuttings from the Patapsco formation listed in Table 11 contain
similar proportions of heavy minerals. The heavy minerals in the sample



(Data obtained from drillers’ logs)

Patapsco FORMATION

TABLE 10

Thickness, in Feet, of Different Types of Sediments
Encountered in Wells Penetrating the Patapsco
Formation in the Baltimore Industrial Area

61

Thickneas of

Yell Sand and/or Clay and/or Sandy Sand and formation
gravel hard rock clay clay penetrated
(feet)
(Dundalk district)
3S4E-2 18 61 11 - 90
3S5E-30 61 53 12 - 126
(Average) 40 57 11 - 108
(Curtis Bay and Fairfield districts)
5S2E-30 13 10 1 - 30
5S3E-2 23 6 11 - 40
5S3E-17 57 18 7 7 89
5S3E-46 22 23 16% 2 61%
6S2E-1 29% 14 17 - 60%
6S2E-3 21 24 10 - 53
6S2E-5 19 34 22 - 75
6S3E-2 17 25 19 - 61
(Average) 25 19 14 1 59
(Sparrows Point district}
Bal-Gf 5 90% 43% 19 17 170
Bal-Gf 10 61 88 39 - 188
Bal-Gf 12 113 127 6 - 246
Bal-Gf 45 59 92 - - 151
Bal-Gf 74 88 76 18 = 182
Bal-Gf 78 80% 80% = = 161
Bal-Gf 109 19 94 4 - 117
Bal-Gf 111 36 81 33 = 150
Bal-Gf 114 53 84 24 - 161
Bal-Gf 134 173 55 12 S 240
Bal-Gf 161 105 42 38 = 185
Bal-Gf 162 95% 48% 8 26 178
Bal-Gf 171 188 21 - - 209
Bal -Gf 174 159 23 - - 182
(Average) 96 65 14 3 178
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from 303-311 feet, which is from the lowermost part of the formation, are
strikingly different, consisting largely of siderite with a small proportion of
zircon, tourmaline, and staurolite.

Although most of the sediments in the Patapsco formation form irregular
and lenticular beds, the data obtained from drillers’ logs, drill cuttings, and
other sources show that in the vicinity of Baltimore the formation can be
divided into three lithologic units. These units are, in ascending order:
(1) a lower part consisting of coarse sand and gravel, the gravel generally
at the base immediately overlying the Arundel clay; (2) a clay bed in
which the clay is compact and is predominantly dark red; and (3) an upper
unit consisting chiefly of lenticular beds of sand, gravel, and clay. These units
are well shown by the drilling-time curves (fig. 6), for the middle unit, the
clay bed, is relatively difficult to drill in contrast to the underlying and over-
lying units that contain a larger proportion of sand and gravel. Although
the sand and gravel in the upper and lower units appear to be similar, the
heavy-mineral suites in drill-cutting samples from well Bal-Gf 194 (Table 11)
are different.

The three lithologic units of the Patapsco formation are most ecasily dis-
tinguished in the Sparrows Point district. Plate 9, which is a geologic
section of the Sparrows Point district, shows the position of the three units,
Owing to a scarcity of data the units could not be identified with certainty
in some other parts of the Baltimore area; however, drillers’ logs suggest that
the three zones are rather extensive, at least within the vicinity of Baltimore
(PL. 6).

The thickness of the Patapsco formation appears to be about 300 feet;
Lhowever, as the sediments in the Patapsco formation are similar lithologically
to the sediments in the overlying Raritan formation, the top of the Patapsco
formation was not determined accurately. In the southeastern part of the
area sediments considered to belong to the Patapsco formation may include
sediments of the overlying Raritan formation. As the two formations are
lithologically similar it is not important, when considering the occurrence
of ground water, that they be classed as separate formations. Although these
two formations have been considered as a single hydrologic unit in this
report, the sediments penetrated by some wells, particularly those on the
Raritan outcrop, were classified as Raritan in Table 16.

In the Sparrows Point district, where detailed information is available, the
thicknesses of the lithologic units of the Patapsco formation are not uniform.
The lower unit, which is an important water-bearing zone, ranges from
about 10 to 100 feet in thickness (Pl. 9).

The difference in thickness of that unit is largely compensated by the
thickness of the overlying clay bed, for where the lower unit is thick the
clay bed is thin. The clay bed, or middle unit, probably pinches out locally
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southeast of the Sparrows Point district. In those places the upper and
lower units may be hydrologically connected. Drillers’ logs suggest that
the lower unit thins from the Sparrows Point district to the northwest towards
Baltimore. It may pinch out and have no outcrop in that part of the Coastal
Plain (PL 6).

The clay bed, the middle unit, has a maximum thickness of about 75 feet,
but generally it is about 25 to 50 feet thick.

The upper unit has a wide range in thickness, chiefly because it crops out in a
large part of the area and has undergone erosion, but also because it was
eroded before the deposition of the overlying Pleistocene sediments. In
the Sparrows Point district it is about 75 to 150 feet thick, but owing to
its removal by erosion it thins toward the northwest.

WATER-BEARING PROPERTIES

During the early stages of the ground-water development in the Baltimore
industrial area the Patapsco formation was utilized extensively. However, in
many parts of the industrial districts, intrusion of salt water from the Patapsco
River contaminated the water so that pumping from the formation in these
districts was largely discontinued. Nevertheless, the Patapsco formation is
still an important water-bearing formation in the Sparrows Point district and in
parts of the area northeast and southwest of Baltimore.

In the vicinity of Baltimore the Patapsco formation includes two main
water-bearing zones, the lower and upper lithologic units. The clay bed
that separates these two zones in the vicinity of Baltimore may be only of
local extent, so that the two zones merge at some distance from Baltimore.
Furthermore, even in the vicinity of Baltimore the clay bed may pinch out
locally as it probably does in the area southeast of the Sparrows Point district,
so that in some localitics water may move freely from one zone to the other.

Both zones contain unconsolidated sand and gravel that is essentially similar
in grade size and permeability. However, owing to a wide range in the
thickness of water-bearing material, the water-bearing zones do not necessarily
have similar or uniform hydrologic properties throughout the area.

Yield of Wells

The lower water-bearing zone is especially productive in the Sparrows
Point district, where it yields generally about 500 to 750 gallons a minute
to large-diameter industrial wells. Only a few wells in the other districts
in the industrial area draw water from the lower zone; consequently, outside
the Sparrows Point district, the capacity of the zone to yield water to wells
cannot be evaluated accurately. However, owing to its relatively small thickness
in comparison to its thickness in the Sparrows Point district, the capacity of wells
probably would be less than in the Sparrows Point district. The only active
industrial well of large diameter that draws water from the lower part of the
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Patapsco formation within the city of Baltimore is well 6S2E-10 in the
Curtis Bay district. This well, which is 144 feet deep, yields about 150
gallons a minute. Several wells (6S2E-56 to 62) in the Fairfield district had
yields of from 100 to 250 gallons a minute, but those wells have been
abandoned for several years.

Specific Capacity of Wells

In the Sparrows Point district the specific capacity of wells ending in the
lower part of the Patapsco formation is as much as 22.5 (well Bal-Gf 175);
however, values of specific capacity were determined for only six wells. The
specific capacity of 22.5 for well Bal-Gf 175 probably is near the maximum
as this well is in the southeastern part of the district where the water-bearing
material in the lower part of the Patapsco formation is relatively thick. The
other five specific capacities range from 8 to 18.

The aquifer in the upper part of the Patapsco formation is important only
in the Sparrows Point district, where large-diameter industrial wells yield about
500 to 800 gallons a minute; the specific capacities of four of these wells
range from 7.5 to 13. In the other industrial districts the upper part of the
Patapsco formation is not an important aquifer, either because it is thin or
absent or because it has been contaminated by intrusion of salt water from
the Patapsco River estuary.

Although the clay bed separating these two water-bearing zones of the
Patapsco formation may have an areal extent of several miles, the available
data are not adequate to determine its areal extent accurately; therefore the
formation is arbitrarily considered to be a single hydrologic unit outside
the Baltimore industrial area.

Very few large-diameter wells draw water from the Patapsco formation in
the area southwest and northeast of the industrial districts; consequently its
hydrologic properties in those parts of the area are not well known. In
nearly all parts of the area where the formation is present it yields adequate
supplies for domestic purposes and there is no reason to believe that properly
constructed large-diameter wells would not have yields similar to those in the
vicinity of Baltimore. At Glen Burnie, wells AA-Ad 1 to 3, which are
62.5 to 95 feet deep and are screened in the Patapsco formation, yield from
175 to 280 gallons a minute. Well AA-Bc 1 at Odenton yields about 250
gallons a minute; and well AA-Cc 1, about 2 miles southeast of Odenton,
yields about 260 gallons a minute.

Several wells (Har-Ed 4, 6, 7, 14 to 16, and 18 to 20) on Gunpowder
Neck about 14 miles northeast of Baltimore yield as much as 385 gallons

a minute. Most of those wells are screened at several horizons and may
draw water from the Pleistocene sediments and Patuxent formation as well
as the Patapsco formation. Moreover, in that part of the area all the
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sediments may be hydrologically connected, as drillers’ logs do not show
any persistent confining beds of clay.

Permeability, Transmissibility, and Storage Coefficients

Samples of drill cuttings were collected from two test wells (Bal-Gf 193
and 194) in the Sparrows Point district for determination of permeability
and grade size. (Plates 10 and 11.)

The permeability of three samples from the lower part of the Patapsco forma-
tion ranges from 190 to 700 and averages about 400; the grade size is
characterized by a predominance of 28-mesh to 48-mesh size, or 0.589 to
0.295 millimeter.

The permeability of cleven samples from the upper part of the Patapsco
formation ranges from 270 to 1,200 and averages about 650; the grade size
is slightly coarser than in the lower part of the Patapsco formation, con-
sisting predominantly of material of 20-mesh to 35-mesh size, or 0.833 to
0.417 millimeter.

Neither the permeabilities nor the grade sizes can be considered accurate,
for during rotary test drilling there is some mixing of sediments and probably
some loss of very fine material. However, the procedure used in collecting
these samples reduced materially the degree of contamination and loss of
fine material; consequently the permeabilities and grade sizes are reasonably
accurate.

Several pumping tests on wells ending in the lower part of the Patapsco
formation, were analyzed for determination of coefficients of transmissibility
and storage, and the coefficient of permeability was determined by dividing
the coefficient of transmissibility by the thickness of water-bearing material,
The coefficients are summarized in Table 12. The coefficients of trans-
missibility determined from pumping tests in the Sparrows Point district
range from 14,300 to 29,900 and average about 25,000. The lowest value,
14,300, was obtained from a pumping test on well Bal-Gf 1, in the north-
western part of the Sparrows Point district where the sand thickness is small in
comparison to its thickness in the rest of the district. The field coefficient
of permeability ranges from 230 to 570 and averages 320. The coefficients
of storage, which range from 0.000053 to 0.0027, probably are not accurate
owing to the short duration of the pumping tests.

One coefficient of transmissibility was obtained from a pumping test in
the Curtis Bay district; it is 24,300, which is surprisingly high in view of
the relatively small thickness of the aquifer in that part of the area.

It is not possible to arrive at an average coefficient of transmissibility that
would be representative of the formation in the entire Baltimore area. As
the aquifer thins appreciably from the Sparrows Point district northwestward
toward Baltimore, its transmissibility probably decreases in that direction.

The only large industrial wells ending in the upper part of the Patapsco
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formation are in the Sparrows Point district. As these wells are screened
in only a small part of the water-bearing material, pumping tests were not
run on them. In this district the thickness of the sand in the upper part
of the Patapsco formation is relatively large and it is likely that its tians-
missibility is higher than that of the lower part of the formation.

Up dip, to the northwest from the Sparrows Point district, the water-bearing
material in the upper part of the formation decreases in thickness so that
it probably is a relatively unimportant aquifer in the other districts.

QUATERNARY SYSTEM

PLEISTOCENE DEPOSITS
DISTRIBUTION AND CHARACTER

Pleistocene deposits consisting chiefly of sand, gravel, and clay, are present
in a large part of the Baltimore area (Pl. 2). The sediments form a mantle,
ranging widely in thickness, on the irregular surface of the underlying pre-
Cambrian rocks and Cretaceous formations. Recent sediments are present in
a few localities; they generally consist of thin fine-grained deposits. They
are unimportant, and are not distinguished from the underlying Pleistocene
except in a few well records.

The Pleistocene deposits in this area generally have been divided into
several formations on the basis of the altitude of the terraces they form;
in this report, however, the Pleistocene deposits are considered arbitrarily to
comprise two ill-defined units. These are the sediments at a relatively high
altitude which may be called the upland deposits, and the sediments at a
relatively low altitude, which may be called the lowland deposits. There is
no sharp line of distinction between the two units, but for the most part
the upland unit includes all or a part of the sediments shown on published
geologic maps as the Brandywine, Sunderland, and Wicomico formations,
whereas the lowland unit includes mostly sediments mapped as the Talbot
formation. Such an arbitrary division of the Pleistocene in this area may
not be sound stratigraphically, but it is more adaptable to a discussion of
the ground-water resources.

The sediments of the upland unit occur chiefly as a thin cap on high ridges
or hills and not as a2 widespread continuous deposit; they are present in a rela-
tively small part of the area. The unit is composed essentially of a mixture
of sand, gravel, cobbles, and clay which in some localities is tightly bonded
to form a consolidated conglomerate (Pls. 19 A and 23 B). lts thickness
is not known accurately but does not exceed 30 feet and generally is about
10 to 15 feet.

The sediments of the lowland unit, which consist essentially of clay,
sand, gravel, and cobbles, are chiefly below an altitude of about 50 feet




PLEISTOCENE DEPOSITS 69

and are exposed in a large part of the shore area of Chesapeake Bay and
its estuaries. As only a relatively small part of this unit is exposed, most
of the information concerning its lithology was obtained from well logs.

In the Sparrows Point district the lowland unit consists largely of dark-
gray clay with lenses of sand and gravel (Pl. 9). The clay is generally
underlain by a coarse gravel or cobbles that are well rounded. The dark-
gray clay contains plant fragments, ostracods, Ostrea sp., and a large thick-
shelled pelecypod, Rangia cuneata. The faunal content indicates that the
clay was deposited in a marine or estuarine environment. The clay, which
does not have the “waxy” or unctuous character that typifies the clays of
Cretaceous age, is drilled easily. This is well shown by the drilling-time
curves of wells Bal-Gf 193 and 194, on Plates 10 and 11. The drilling time
per foot for well Bal-Gf 194 (Pl. 11) was low, down to a depth of 132
feet, even though the well penetrates clay through most of this interval;
however, at 132 feet, where the drill apparently encountered a thin clay bed
of Cretaceous age, the drilling time increased markedly. In the Curtis Bay
and Fairfield districts the unit is much thinner but is composed of essentially
the same proportion of materials as in the Sparrows Point district.

The lithologic content of the lowland unit is not as well known in most
of the remaining parts of the area, northeast of the Patapsco River estuary,
chiefly because the available data are inadequate for locating the base of
the unit. However, well logs generally indicate that material, probably of
Pleistocene age, contains a much larger proportion of sand and gravel north-
east of the river than is present in the Pleistocene in the Sparrows Point, Curtis
Bay, and Faitfield districts. Thus well Har-De 18, at Aberdeen, penetrated
61 feet of Pleistocene sediments that consisted almost entirely of sand and
gravel. The wells at the Aberdeen Proving Ground (wells Har-De 6, 7,
19, and Df 1 to 25) penetrate Pleistocene sediments of which a large part
consists of coarse sand and gravel. Well Har-Cf 2, at Havre de Grace,
penetrated 58 feet of Pleistocenc sediments that contain mostly coarse sand
and gravel, and some cobbles as much as 2 inches in diameter. If adequate
data were available they probably would show that Pleistocene sediments have
a wide range in grade size of the coarse clastics and in the proportion of
sand to clay.

The lowland unit of the Pleistocene deposits has a wide range in thickness.
It is absent in some places and as much as 150 feet thick in others. Plate 12
shows by contours the approximate thickness of this unit in the vicinity of
Baltimore. In general the unit thickens from northwest to southeast toward
Chesapeake Bay. In the northern part of the Baltimore area, near the western
edge of the Coastal Plain, well Har-Df 18, at Aberdeen, penetrated 61 feet
of Pleistocene sediments without encountering the base. At Havre de Grace,
well Har-Cf 2, also near the western edge of the Coastal Plain, penetrated 58 feet
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of Pleistocene sediments before encountering the underlying pre-Cambrian
rocks. Wells at the Aberdeen Proving Ground, which are from 2 to 6 miles
southeast of Aberdeen, penetrate a considerable thickness of Pleistocene de-
posits, but the available data are not sufficiently detailed to show the exact
thickness. It is likely, however, that in some parts of this district the thick-
ness is at least 100 feet. For example, McGee (1888, p. 594) reports that a
well at Fishing Battery Station, about 3 miles south of Havre de Grace, pene-
trated 140 feet of alluvial sands (these sediments probably are of Pleistocene
age) without reaching their base.

ORIGIN OF SEDIMENTS

Until recently the Pleistocene sediments in this area were generally con-
sidered to be entirely or largely of marine origin, forming terraces at suc-
cessively lower altitudes, in accordance with the position of sea level as de-
termined by the volume of water stored in the glacial ice cap. Shattuck
(1901) named the three lower terraces, in descending order, the Sunderland,
Wicomico, and Talbot. To the highest Pleistocene terrace he applied the
name Lafayette; the terrace is now called the Brandywine. The Pleistocene
deposits were named after the terraces and are so shown on geologic maps,
although it was recognized that these formations were not necessarily dif-
ferent lithologically. However, Flint (1940) recently reexamined the pre-
vious literature and made field studies of the Pleistocene deposits in Maty-
land and Virginia, concluding in part (p. 783):

"“The mass of sediments covered the Chesapeake Bay region, and extended
westward up such main streams as the Susquehanna, Potomac, and James
Rivers. The sediments appear to have been continuous with the al-
luvial sediments of eastern New Jersey.  Their broad plain surface, seem-
ingly a complex of coalescent fans and broad surfaces of stream planation
of alluvial deposits, sloped gently southeastward into the sea, in a zone
through which marine and fluvial facies must have interfingered. The
fine sediments carrying marine fossils, that occur at low elevations 1n
the seaward parts of this region, are thought to belong at least in part
to the marine facies of these deposits. The sea, probably very largely
aided by streams, has cut away enough of the distal portion of these de-
posits so that little of their marine facies remains above present sea
level; most of what lies west of the present shore line is fluvial. On
the other hand, these marine sediments may be in part somewhat younger
than the fluvial deposits, representing a slight marine encroachment
post dating the dominantly fluvial sedimentation.”

It was not within the scope of this investigation to make a detailed study of the
origin of the Pleistocene sediments; however, some of the features observed
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in connection with the study of the ground-water resources may be helpful
to those studying the sequence of events during the Pleistocene epoch.

The thickness of as much as 150 feet of Pleistocene deposits in the Balti-
more area is much greater than has been generally reported and indicates
that during a part of Pleistocene time the sea level was considerably lower
than at present. Flint (1940, p. 784) points out that Veatch and Smith
(1939, p. 44; Charts IB, 1IB, and IIIB) identified a feature on the continental
shelf as the "Franklin Shore”, which is at a depth of about 240 feet in
the latitude of lower Chesapeake Bay and about 330 feet in the latitude
of Philadelphia. This feature may indicate a former position of the sea
during which time the land area might have been deeply eroded.

A large part of the lowland unit of Pleistocene deposits (shown as the
Talbot formation on most published geologic maps) is probably closely related to
the history of the Susquehanna River (Chesapeake Bay) and its tributaries.
The increased thickness of this unit from northwest to southeast toward Chesa-
peake Bay indicates that during some time in the Pleistocene epoch (during a
glacial stage) the channel of the Susquehanna River, in the Chesapeake Bay
area, was deeply eroded and then later, during an interglacial stage, was in-
vaded by the sea and the marine sediments were deposited. The contours
shown on Plate 12 suggest that at one time the old Susquehanna River passed
through or near the Sparrows Point district and then abruptly turned south-
castward. The eastern shore of Marley Neck forms a long arcuate curve,
suggesting that it may have been formed by the Susquehanna River late in
Pleistocene time (Pl. 12).

Although a large part of the sediments in the old channelway of the Sus-
quehanna River apparently were deposited in a marine environment, it is
likely that the coarse gravel and cobble bed at or near the base of the Pleisto-
cene, for example in the Sparrows Point district, is of fluvial origin. The
other Pleistocene sand and gravel deposits, particularly those northwest of the
Chesapeake Bay shore area, probably are also of fluvial origin. Flint's (1940,
p. 783) suggestion that the marine sediments may be in part somewhat
younger than the fluvial deposits seems reasonable; however, additional well
logs and samples of drill cuttings are needed to provide a more detailed and
complete knowledge of the Pleistocene history in Maryland.

WATER-BEARING PROPERTIES
Yield and Specific Capacity of Wells
The upland unit of the Pleistocene sediments is not an important water-
bearing formation chiefly because it is thin and occurs as a cap on hills and
ridges. Owing to its high topographic position and to its dissection, it is
not capable of storing large quantities of ground water. Nevertheless, small
supplies of water, adequate for domestic use, can usually be obtained from
it through dug wells on the higher and flatter parts of the hills or ridges.
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As this unit covers only a relatively small part of the area and is an un-
important aquifer, it is not considered further in this report.

The lowland unit of the Pleistocene deposits contains considerable coarse
water-bearing material; but, in the vicinity of Baltimore, along the Patapsco
River estuary, the sediments are largely contaminated with salt water so
that, in this part of the area, the unit is no longer utilized as an important
source of water supply. In the carly days of ground-water development in
the vicinity of Baltimore, the lowland unit of the Pleistocene sediments was
used as a source of water supply for industrial purposes. Wells Bal-Gf 42,
43, 47, 58, 62, 66, 69, and 141 to 153 in the Sparrows Point district probably
end in sand and gravel of Pleistocene age. These wells, now abandoned, had
yields of about 25 to 50 gallons a minute, but they were drilled many years
ago when well-construction methods were not as efficient as at present so that the
reported yields probably do not indicate the maximum capacity of the water-
bearing formation to yield water to wells. The only large-capacity industrial
well now drawing water from sediments of Pleistocene age is well Bal-Gc 1,
a collector-type well, which is reported to have a yield of 1,000 gallons a
minute,

In general the most permeable water-bearing material in the Pleistocene sedi-
ments is in the northeastern part of the area in and near the Aberdeen
Proving Ground. At Aberdeen well Har-De 18 is reported to have a yield
of about 500 gallons a minute and a specific capacity of 21.3 gallons per
foot of drawdown. Well Har-Cf 2, at Havre de Grace, had a yield, during
a pumping test on November 1, 1943, of 100 gallons a minute and a specific
capacity of about 65 gallons per foot of drawdown. Many of the wells
at the Aberdeen Proving Ground (wells Har-De 6, 7, 19; Har-Df 1 to 25) de-

rive all or a part of their water from sand and gravel of Pleistocene age.
Inasmuch as these wells have yields of as much as 645 gallons a minute

the Pleistocene sediments in this part of the area are very permeable.

Permeability and Transmissibility Coefficients

Grade size and permeability were determined on five samples of drill
cuttings of the Pleistocene sediments from two test wells (Bal-Gf 193 and
194) in the Sparrows Point district (Pls. 10 and 11). The permeability
coefficient of the samples ranges from 540 to 13,300 and averages about 5,700.
The grade size is characterized by a large percentage coarser than 8-mesh
(2.36 mm.).

Woater-level data obtained during a pumping test, by the Ranney Water
Collector Corp., on shallow test wells ending in the Pleistocene in the general
vicinity of well Bal-Fe 25, were analyzed by the Thiem formula. The
coefficient of transmissibility was computed to be 14,500 and the field co-
efficient of permeability about 900.
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A pumping test for the determination of the coefficients of transmissibility
and permeability was run on well Har-Cf 2 at Havre de Grace. The test
data, analyzed by the Theis nonequilibrium (recovery) formula, indicate
that the coefficient of transmissibility is about 200,000 and the field co-
efficient of permeability about 6,300.

These wide differences in transmissibility and permeability indicate that
the water-bearing material in the lowland unit of the Pleistocene deposits
probably has a very wide range. In general it is sufficiently permeable to
yield large quantities of water to large-diameter wells; in a large part of
this aquifer the possibility of salt-water encroachment probably is the most
important factor limiting development.

OCCURRENCE OF GROUND WATER
GENERAL PRINCIPLES

The science of ground-water hydrology, or geohydrology, has become
so well developed that a large number of definitions have been formulated
to provide a convenient “language” for describing ground-water conditions.
Many of these definitions, however, are not applicable to the ground-water
conditions in the Baltimore area. The ground-water terms used in this report
are defined where they first appear in the text,

The principles of ground-water hydrology have been discussed in detail
by Meinzer (1923A, 1923B), Tolman (1937), Wenzel (1942), Hubbert
(1940), and others. Only a brief statement regarding the principles of the
occurrence of ground water is included in this report.

The main supplies of ground water in the Baltimore area are in the
porous rocks, such as the sand and gravel deposits in the Coastal Plain and
the fractured and weathered crystalline rocks in the Piedmont Plateau. The
ground water contained in these rocks is derived chiefly from precipitation.
A part of the precipitation runs off on the land surface and enters streams;
a part is evaporated or used by plants; and a part, generally called recharge,
passes through pores and openings in the rocks and enters a zone in which
the rocks are saturated. The water in this zone of saturation, called ground
water, generally is stored only temporarily, for it moves slowly to nearby
streams or through other ground-water reservoirs and eventually is discharged
into streams or other bodies of water on the land surface, or directly into the
atmosphere.

Ground water is generally considered to occur under either of two conditions:
water-table (nonartesian) and artesian. Water-table conditions occur (1)
where porous and permeable rocks that make up the ground-water reservoir
or aquifer are not overlain by impervious rocks, so that water from pre-
cipitation may enter the reservoir by direct downward percolation; or (2)
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where, though impermeable rock overlies the permeable rock the upper part
of the permeable rock is not saturated. The upper surface of the zone of
saturation in this type of ground-water reservoir is called the water table and
its position is marked by the water levels in wells tapping the aquifer.

Under artesian conditions water is confined under hydrostatic pressure by
relatively impervious rock. If the artesian reservoir is penetrated by a well
the water will rise in the well above the bottom of the confining bed. Any
well tapping an artesian aquifer is considered an artesian well; thus there
are both flowing and nonflowing artesian wells. Furthermore, contrary to
popular belief, not all deep wells are necessarily artesian. As the water
in an artesian aquifer is confined by essentially impervious . rock there is
no “free” water surface or water table; instead, there is an imaginary surface,
called the piezometric surface, that coincides with the level to which the con-
fined ground water rises in wells.

In the Baltimore area water-table conditions occur in the outcrop areas
of the water-bearing formations. Artesian conditions prevail in the area
southeast of the outcrop areas where the formations are overlain by im-
pervious material. Most of the water-bearing formations in the Baltimore
area form ground-water reservoirs in which water-table conditions occur
in the outcrop area and artesian conditions in the remaining part.

Water-table and artesian aquifers differ markedly. Most water-table
aquifers function chiefly as storage reservoirs that are replenished by direct
downward percolation of water from precipitation. As the water table
declines in aquifers like the Patuxent and Patapsco formations in the Balti-
more area, large quantities of water are drained from the water-bearing
material. In an area of such high rainfall as the Baltimore area, the water
table is so high in some places that water from precipitation is rejected and
runs off on the land surface. This water, called rejected recharge, indicates
that the rate of recharge on the outcrop area may be potentially greater
when the water table is at a lower level. During periods of little or no
rainfall the quantity of water discharged into streams crossing the out-
crop area, plus the quantity evaporated or transpired by plants, and the
quantity transmitted down the dip into the artesian aquifer, exceed the
rate of recharge and consequently the water table in the outcrop area de-
clines. Without recharge this decline would persist until the water table
declined to sea level and the streams became dry. Generally, as in the
Baltimore area, precipitation occurs and replenishes the reservoir before such
conditions are reached.

Artesian aquifers in the Baltimore area serve chiefly as conduits that trans-
mit water from the outcrop, or water-table area, to outlets of natural or arti-
ficial discharge. In general water is discharged naturally by upward seepage
over a large area through the overlying confining beds and artificially through
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wells. The artesian aquifers contain a very large quantity of water but, in a
practical sense, the storage is very small because it generally is not feasible to
lower water-levels in wells below the bottom of the confining bed in order to
recover this water by draining the sediments. In the Baltimore area, the
artesian aquifers contain practically the same quantity of water as always, even
though large quantities of water have been withdrawn from the aquifers for
many years.

Although in an artesian aquifer water is not generally available from storage
by drainage from the saturated material, some water is released from storage
when the hydrostatic pressure declines, owing to the compressibility and elas-
ticity of the aquifer and adjacent confining beds, and to the slight expansion of
the water itself. This storage factor for artesian aquifers is called the co-
efficient of storage and generally is only in the order of a thousandth of the
coefficient of storage (specific yield) in the outcrop area. Nevertheless, if
the reduction in hydrostatic pressure is large over a wide area, the quantity
of water contributed from artesian storage may be a large part of the water
withdrawn from the aquifer for a long period of time.

Before wells were drilled to the ground-water reservoirs in the Baltimore area
the hydraulic system, represented by the replenishment or recharge of water
in the outcrop area, the transmission of the water through the aquifer, and
the natural discharge through the overlying confining beds, was well balanced;
the hydrostatic pressure was sufficiently high to force fresh water into the
bodies of salt water at the land surface, thus preventing contamination. More-
over, the natural discharge of water was equal to the average rate of recharge
on the outcrop area.

An increase in discharge caused by pumping wells places a burden on the
hydraulic system that has to be balanced by an increase in recharge, a decrease
in natural discharge, a reduction in the quantity of water stored in the
aquifer, or all three. If the pumping is to continue at the same rate indef-
initely, there must be a corresponding increase in recharge or decrease in
natural discharge. If such an adjustment is not possible, the rate of pumping
must eventually decrease until it is equal to the quantity of water made
available for artificial discharge by the increase in recharge and the decrease
in natural discharge. During the adjustment the water table or piezometric
surface is lowered over a large area. If the water table or piezometric surface
is lowered below sea level in an area where surface bodies of salt water are
connected hydrologically with the reservoirs, the aquifers will become con-
taminated with highly mineralized water. This has occurred in a part of
the Baltimore area. Thus one of the chief objectives of a ground-water in-
vestigation is to describe the ground-water developments and the changes
in the ground-water reservoirs produced by these developments, and to pro-
vide a hydrologic analysis of the resulting conditions so that additional
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ground-water development and correction of existing ground-water problems
can be carried forth effectively.

The preceding classification of aquifers and discussion of the general prin-
ciples of the occurrence of ground water have been greatly simplified. The
following sections contain a more detailed description and analysis of the
occurrence of ground water in the Baltimore area and some of the data and
interpretations make necessary some modification of the preceding more
general statements.

GROUND-WATER DISCHARGE

In the Baltimore area ground water is discharged both naturally and arti-
ficially. Water is discharged naturally over a large area, whereas the artificial
discharge, consisting of withdrawal through wells, is confined to certain
localities.

NATURAL DISCHARGE

Most of the natural discharge is in the outcrop area of the water-bearing
formations where ground water is discharged chiefly through springs and by
seepage into streams, and through evaporation and transpiration. As the
natural discharge of ground water maintains the flow of the streams during
periods of little or no rainfall, the approximate rate of discharge to streams
may be determined directly by stream-flow measurements across the outcrop of
the aquifer during prolonged dry periods. The rate of discharge by evapora-
tion and transpiration is much more difficult to determine directly because
it is not uniform over a large area. The natural discharge to streams and the
quantity of water discharged by evapo-transpiration are not constants; they
vary in accordance with the amount and intensity of precipitation and many
other factors. Hence, the natural discharge in the outcrop area can be deter-
mined accurately only from observations over a period of many years.

With respect to most of the ground-water developments in the Baltimore
area the exact rate of natural discharge in the outcrop area is more of
academic than of practical value. The observation that a large part of the
precipitation is eventually discharged naturally in the outcrop area is entirely
adequate even for a quantitative analysis of the ground-water reservoirs in the
Baltimore area.

The natural discharge to streams usually is greatest in the spring when
the rainfall is high and before plant growth is fully developed. The discharge
by evaporation and transpiration by plants is highest in late summer or early
fall when plants are larger and foliage is more dense. In the winter discharge
by transpiration practically ceases.

Water is discharged naturally from the artesian aquifers in some parts of
the Baltimore area by seepage through the confining beds into other ground-
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water reservoirs or into the atmosphere. The rate of this discharge depends
primarily on the difference in altitude between the hydrostatic head of the
artesian aquifer and the water table in the sediments near the land surface, and
on the permeability and thickness of the material through which the water
passes. In those parts of the area where pumping has lowered the hydro-
static pressure in the artesian aquifer below the altitude of the water table
there can be no natural discharge upward; instead water in the surficial deposits
may move downward.

DISCHARGE FROM WELLS
GENERAL HISTORY OF PUMPING

In the Baltimore area ground-water supplies were first developed in size-
able quantities in about the middle of the 19th century and practically all this
development was in or ncar Baltimore. Very few records of pumpage are
available for most of this period of about 100 years. However, by piecing
together fragments of information and making evaluations based on the
number of wells and their reported yields a rough approximation of the
pumpage was made. It is estimated that the pumpage increased gradually from
practically nothing in about 1850 to about 5,000,000 to 10,000,000 gallons
a day in 1900 in the Harbor and Canton districts and about 1,000,000 to
2,000,000 gallons a day in the other industrial districts. After this the
pumpage increased only slightly until about 1915, when it was increased
considerably in the Sparrows Point, Dundalk, Canton, and Curtis Bay districts
but probably was decreased in the Harbor district. The total pumpage at that
time was about 15,000,000 gallons a day.

The pumpage increased gradually after World War I until about 1935,
after which it increased rapidly, reaching a total of approximately 47,000,000
gallons daily early in 1942 in the Baltimore industrial districts. Late in 1942
the pumpage was decreased by about 10,000,000 gallons a day in the Sparrows
Point district and about 3,000,000 gallons a day in the Curtis Bay district.
Thus the total pumpage in the Baltimore industrial area was about 34,000,000
gallons a day after 1942 and has not changed materially since.

Pumpage in the remaining part of the area was relatively small until World
War I, when ground-water supplies were developed at the Aberdeen Proving
Ground near Aberdeen, and the Army Chemical Center near Edgewood, which
are the localities of largest ground-water withdrawal outside the Baltimore
industrial districts. The estimated total pumpage from all sources outside
the Baltimore industrial area increased from 3,000,000 gallons a day in 1942
to 5,000,000 in 1945.

AREAL DISTRIBUTION OF PUMPAGE IN 1945
An inventory of pumpage was made in the latter part of 1945 in order to
determine the average pumpage during 1945, at each industrial plant, public
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supply, or military establishment, the principal consumers of ground water in
the area. It was found that only a small percentage of the pumpage was
metered, so that for the most part estimates had to be made. Some estimates,
based on the number of hours wells were reported in operation multiplied by the
measured yields of the wells, are reasonably accurate; others may be greatly
in error.

Most of the figures for pumpage have not been rounded off, as perhaps
they should be to avoid the impression of extreme accuracy. The figures for
some of the industrial plants may be in error by as nich as 25 percent, but as
these errors would be largely compensating, the total pumpage shown for each
district probably is correct to within 10 percent.

Figure 8 shows the distribution of pumpage, during 1945, in the industrial
districts in and near Baltimore. Pumpage from the pre-Cambrian crystalline
rocks totalled about 700,000 gallons a day, of which all was pumped by
industries in the northern part of Baltimore where the crystalline rocks crop
out. Pumpage from the Patuxent formation totalled 28,600,000 gallons a day,
of which about 70 percent was from wells in the Sparrows Point, Dundalk,
Curtis Bay, and Fairfield districts. Pumpage from the Patapsco formation
totalled 3,500,000 gallons a day, of which 80 percent was from wells in the
Sparrows Point district. Wells ending in the Pleistocene deposits were pumped
at the rate of 1,400,000 gallons a day; nearly all this pumpage was from one
industrial well at St. Denis.

PUMPAGE IN BALTIMORE INDUSTRIAL DISTRICTS
Sparrows Point District

Practically all the water pumped from the Sparrows Point district was from
wells at the Bethlehem Steel Co. During 1945 the average of pumpage at this
plant was 10,200,000 gallons a day, of which 7,500,000 gallons a day was
derived from the Patuxent formation and 2,700,000 gallons a day from the
Patapsco formation. Early in 1942 the pumpage reached 20,000,000 gallons
a day, but later in the year it was decreased to 10,200,000 gallons a day.

The only other pumping of any consequence from nondomestic wells in this
district is at Fort Howard, where about 100,000 gallons a day was pumped
from the Patapsco formation. The Bay Shore Amusement Park, Inc., had
two wells equipped with pumps, one tapping the Patuxent formation and
the other the Patapsco formation; during 1945 the pumpage from these wells
was negligible.

Dundalk District
The total pumpage of 5,100,000 gallons a day in the Dundalk district is

from wells, ending in the Patuxent formation, at several industrial plants.
The largest consumers are the Western Electric Co. which, during 1945,
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pumped 1,500,000 gallons a day; the Chemical and Pigment Co. which pumped
2,000,000 gallons a day; and the Federal Yeast Corp. which pumped 1,000,000
gallons a day. The other industries in this district that use ground water
are the Reid-Avery Co. and the Baltimore Pure Rye Co. at which the pumpage
was, respectively, 150,000 and 400,000 gallons a day.

Canton District

Pumpage in the Canton district, which totaled 500,000 gallons a day, is all
derived from the Patuxent formation. The consumers of ground water in
this district, during 1945, were the Baugh Chemical Co., the American Radiator
and Standard Sanitary Corp., and the National Brewing Co., which pumped,
respectively, 100,000, 250,000, and 150,000 gallons a day.

Back River District

Pumpage in the Back River district, which totaled 2,000,000 gallons a day,
was derived from wells at one industrial plant, the Eastern Stainless Steel Corp.
All the wells end in the Patuxent formation.

Highlandtown District

The total pumpage in the Highlandtown district was 2,800,000 gallons a
day, all of which is derived from wells ending in the Patuxent formation. The
largest user of ground water in this district was the Crown Cork.and Seal
Co., Inc., which used 1,800,000 gallons of water a day. The Wm. Schluder-
berg-T. ]J. Kurdle Co. pumped 800,000 gallons a day and Paul Jones and Co.,
Inc., pumped 120,000 gallons a day. The remainder of the pumpage, 80,000
gallons a day, was used chiefly by the Pennsylvania Water and Power Co. and
the Monarch Rubber Co.

North Baltimore District

The name “North Baltimore” refers to that part of Baltimore in which
ground water is derived for industrial use from the pre-Cambrian crystalline
rocks. The total pumpage in this district was 700,000 gallons a day, of which
a large part was used by the Frank G. Schenuit Rubber Co.

Harbor District

During 1945 the total pumpage in the Harbor district was 2,300,000 gallons
a day, of which 2,100,000 gallons a day was derived from the Patuxent
formation and 200,000 gallons a day from the Pleistocene deposits. The
largest users of ground water were the Chesapeake Paperboard Co. and the
Procter and Gamble Manufacturing Co., which pumped, respectively, 1,300,000
and 400,000 gallons a day from wells ending in the Patuxent formation. The
remaining 400,000 gallons a day pumped from the Patuxent formation in this
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district was divided about equally among the James Distillery, Inc., Independ-
ent Ice Co., Carr-Lowrey Glass Co., and Mutual Chemical Co. The pumpage
of 200,000 gallons a day from the Pleistocene deposits in this district was
from wells at two plants—the Mutual Chemical Co., which pumped 150,000
gallons a day, and the National Distillers Products Corp., which pumped
50,000 gallons a day.

Fairfield District
During 1945 the total pumpage in the Fairfield district was 5,200,000
gallons a day, all of which was derived from the Patuxent formation. The
largest ground-water use was at the U. S. Industrial Chemical Co., Fairfield
plant; Continental Oil Co.; and Bethlehem Steel Co., Baltimore shipyard. The

pumpage at these industrial establishments was, respectively, 2,000,000,
1,500,000, and 1,000,000 gallons a day. The other industries in this district
that used ground water are the F. S. Royster Guano Co., the Maryland Drydock
Co., the Brooklyne Chemical Works, Inc., and the Pan American Refining
Corp.; their pumpage was, respectively, 50,000, 150,000, 350,000, and 150,000
gallons a day.

Curtis Bay District

The total pumpage in the Curtis Bay district was 3,700,000 gallons a day,
of which 3,300,000 gallons a day was derived from the Patuxent formation
and 400,000 gallons a day from the Patapsco formation. The principal users
were the U. S. Industrial Chemical Co., Curtis Bay plant, and the Davison
Chemical Corp., which used, respectively, 2,000,000 and 750,000 gallons a day.
Charles S. Walton & Co., Inc., used 50,000 gallons a day, and the remainder,
500,000 gallons a day, was divided almost equally between Kavanaugh Products,
Inc., and the Standard Wholesale Phosphate and Acid Works, Inc,

Of the 400,000 gallons a day pumped from the Patapsco formation, 150,000
was pumped from wells at Charles S. Walton & Co., Inc., and 250,000 from
wells at the U. S. Industrial Chemical Co., Curtis Bay plant.

St. Denis District
The pumpage from the St. Denis district, which totaled 1,300,000 gallons
a day, is from wells at two industrial plants. Of this total, 1,200,000 gallons
a day is derived from a single well penetrating the Pleistocene deposits at the
Calvert Distilling Co. and 100,000 gallons a day from the Patuxent formation
at the Monumental Distillers, Inc.

Glen Burnie-Linthicum District

The total pumpage at the towns of Glen Burnie and Linthicum was 300,000
gallons a day, all of which was derived from the public-supply wells of the
Anne Arundel County Sanitary Commission. All the water is derived from
the Patapsco formation.
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PUMPAGE IN AREA OUTSIDE THE INDUSTRIAL DISTRICTS

The main centers of pumping north of the industrial districts in the vicinity
of Baltimore are at Havre de Grace, Aberdeen, Belcamp, and Edgewood. (For
locations see Plate 3.)

The total pumpage at Havre de Grace was 1,000,000 gallons a day, from
wells at the Harford Distillery Co. All this water is derived from the Pleis-
tocene deposits.

The pumpage at and near Aberdeen was 1,200,000 gallons a day, of which
1,000,000 gallons a day was pumped at the Aberdeen Proving Ground and the
remainder from the public-supply well field at Aberdeen. The available data
were not adequate to classify the sediments underlying the Aberdeen Proving
Ground according to geologic age, so that the pumpage from ecach water-
bearing formation is not known. A large part of the pumpage probably is
from the Pleistocene deposits and the remainder from sediments of the Pa-
tuxent and Patapsco formations. The public supply at Aberdeen is derived
from wells ending in the Patuxent formation.

At Belcamp, 100,000 gallons a day was pumped chiefly for public-supply
use. All this water is derived from the Patuxent formation.

The major user of ground water in the vicinity of Edgewood is the Army
Chemical Center. Here the pumpage was 1,700,000 gallons a day, most of
which probably was derived from the Patapsco formation and a small amount
from the Patuxent formation.

In the area south of the industrial districts in and near Baltimore the
chief centers of pumpage are near Laurel, at Odenton, and at Crownsville,
However, the combined pumpage at all these localities is relatively small, not
exceeding 500,000 gallons a day. Most of this water is derived from the
Patapsco formation and a small amount is from the Patuxent formation.

PUMPAGE FROM DOMESTIC WELLS

Only a small part of the pumpage is from domestic wells; consequently,
no attempt was made to determine accurately the quantity of water pumped
for domestic use during 1945. A reasonable estimate, however, would be
1,000,000 gallons a day for the entire area, of which the largest proportion
would be in the southern part of the area, chiefly in Anne Arundel County.

SUMMARY

The total pumpage from all sources in the entire area during 1945 was
39,000,000 gallons a day. About 85 percent was pumped in the relatively
small part of the area in and near the industrial districts in the vicinity of
Baltimore. The pumpage, in gallons a day, from each water-bearing formation
was approximately: pre-Cambrian crystalline rocks, 1,000,000; Patuxent for-
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mation, 30,000,000; Patapsco formation, 6,000,000; and Pleistocene deposits,
3,000,000.

By far the largest part of the ground water pumped was used by industrial
plants for cooling, production of steam, washing, and processing.

WATER-LEVEL FLUCTUATIONS

In the Baltimore area water levels in wells, which are a measure of the
artesian pressure or the position of the water table, fluctuate constantly in
response to many forces. These forces, which result from both artificial and
natural processes, vary in direction, time, and magnitude; consequently the
fluctuations often form an irregular and complicated pattern. Nevertheless,

an accurate record and a detailed analysis of the fluctuations are an essential
part of a quantitative study of ground-water resources, much  as records of

voltage or temperature are essential to the study of electrical and heat problems.

In the past the well owners in the Baltimore area generally made no system-
atic measurements of water levels in wells, so that detailed water-level records
over a long period of time are practically nonexistent. During 1943-45
86 observation wells were established, of which 11 were equipped for various
periods of time with automatic water-level recorders (Pl 24 A). The daily
high and low water levels as determined from the recorder charts, together
with other water-level measurements, are given in Table 17. In addition to
the water-level measurements from automatic recorders, 2,161 individual
measurements were made by use of a steel tape, air line and pressure gage, or
electrical tape. As it was necessary to use existing wells that were abandoned
or pumped infrequently, it was not possible to establish observation wells at
all desired locations.

CAUSES OF FLUCTUATIONS

The water table in the outcrop area of the water-bearing formations, where
not affected by pumping, fluctuates in accordance with the rate of recharge
from precipitation and the rate of discharge by seepage into streams, movement
of water down the dip, and evaporation and transpiration through plants.
Farther down the dip, in the artesian parts of the aquifers, the fluctuations
caused by recharge or natural discharge in the outcrops are progressively less
pronounced; in most of the artesian part of the Baltimore area variations in
the precipitation probably cause no appreciable fluctuations in the artesian
pressure. Nevertheless, water levels fluctuate in many artesian wells even
though they are not affected by pumping. For example, artesian wells func-
tion like barometers—the water level in them fluctuates with the barometric
pressure. When the barometric pressure increases, the additional weight of
the air column depresses the water level in the well; when the pressure de-
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creases and the air column is lighter the water level rises. No special study
was made of this fluctuation in the Baltimore area, but it is likely that the
amplitude of the fluctuations caused by changes in barometric pressure usually
are less than a foot.

An application of heavy weight on the land surface above an artesian aquifer
may compress the aquifer, causing the water levels in wells to rise; when the
load is removed the water levels decline. This feature is demonstrated clearly
by detailed water-level records in the Baltimore area, where water-level fluctua-
tions caused by loading at the land surface have been produced by moving
of heavy machinery, tides, and trains. Examples of these fluctuations obtained
by use of automatic water-level recorders are shown in Figure 9. A well
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(Bal-Gf 79) in which fluctuations are produced by the movement of heavy
machinery is in the Bethlehem Steel Co. plant in the Sparrows Point district.
In this well the almost constant movement of heavy cranes and trains carrying
heavy loads causes the water level to fluctuate so rapidly that the fluctuations
could not be recorded separately on the recorder graph at the time scale
used.

A well (Bal-Gf 1) in which fluctuations are caused by the changes in the
loading effect of tidal water is in the Sparrows Point district about 400 feet
from the estuaries formed by the Patapsco River and Humphreys Creek; how-
ever, the water levels in other wells that are much farther from tide water also
fluctuate with the tide. A well (Bal-Fe 19) in which the water level fluc-
tuates when trains pass is in the Dundalk district about 30 feet from the rail-
road tracks (Pl. 24 A).

The fluctuation of water level in response to loading at the land surface
shows that the artesian aquifer is slightly elastic and capable of being com-
pressed without appreciable permanent deformation when loads like those
described act upon it. However, the relation of water levels to changes in
barometric pressure indicates that the aquifer acts also as a rigid body. Jacob
(1940, pp. 582-584) has shown that under ideal conditions the tidal efficiency
and barometric efficiency of an artesian well are complements and together
equal’ unity. The tidal efficiency is the ratio of the rise in water level to
the rise in tide corrected for density; and the barometric efficiency is the ratio
of the rise in water level to the decrease in barometric pressure, measured in
feet of water.

The largest fluctuations of the water levels in artesian wells, and in water-
table wells in some parts of the area, are caused by changes in the rates of
pumping, particularly where the observation well is close to a well that is
pumped intermittently or periodically.

GENERAL HISTORY OF FLUCTUATIONS OF WATER LEVELS
IN THE BALTIMORE INDUSTRIAL AREA

Prior to the development of ground water by wells in the Baltimore area
the aquifers were in a state of approximate dynamic equilibrium, in which
the natural discharge equaled the average recharge from precipitation. During
periods in which there was little or no precipitation the water that was dis-
charged was derived chiefly from the great quantity of water stored in the
aquifer and the water table declined, showing that the hydraulic system was
temporarily unbalanced. However, this unbalance was corrected by a recurrence
of recharge from precipitation and a gradual reduction in the natural dis-
charge. Thus, the water table in the outcrop areas fluctuated in accordance
with the rate of recharge and natural discharge. The natural pattern of
water-table fluctuations in the Baltimore area is characterized by a high water
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table in early spring when the rate of recharge is high and evaporation and
transpiration small, and a low water table in late summer when the rate of
recharge is low and the rate of evaporation and transpiration is high.

The fluctuations of the artesian pressure in the Baltimore area, before the
development of ground-water supplies, probably were relatively small, mostly
tidal. The available data are too incomplete to indicate accurately the height
to which water would rise in wells ending in the artesian aquifers in the
Baltimore industrial area before pumping began. It seems likely that in
general the artesian head was about 15 to 25 feet above sea level, for many
wells drilled at localities at which the land-surface altitude is 10 feet or less
at one time had natural flows.

So far as could be determined there was no general decline in the water
levels in the Baltimore industrial area until after 1900. Before that time,
most of the ground-water development was in or near the Harbor district.
In that district the water table or artesian head probably declined as much as
50 feet before 1900. The trend of the artesian head, between 1940 and 1945,
in four of the industrial districts is shown in Figure 10. Most of the water
levels shown on the graphs in Figure 10 were reported by well drillers or by
the well owners; many of the water levels are reported as approximate and
for some the exact locations of the wells in which the water levels were
measured are not indicated. For these reasons all the water levels were
plotted, and a line indicating the general trend was drawn through the center
of the mass of points, which plot in a rather scattered manner on some of
the graphs. The resulting curves are therefore, indicative only of the general
magnitude of the rate of decline or rise.

The graphs show that about 1900 the artesian head of the Patuxent for-
mation was near the land surface throughout most of the districts. About
1900 the artesian head of the Patapsco formation was about 25 feet below
the land surface in the Sparrows Point district and probably was only a few
feet below the land surface in the other districts.

The trend of the artesian head in the Patuxent formation after 1900 prob-
ably is shown best by the graph of water levels for the Sparrows Point district.
There the water level declined slowly until about 1930, when it was about 45
feet below the land surface; after that time the water level declined more
rapidly, reaching a level of about 160 feet below the land surface in 1941-42.
Late in 1942, the Bethlehem Steel Co. reduced its pumping from the Patuxent
formation by several million gallons a day, and the water level rose rapidly
to about 80 to 90 feet below the land surface by the end of 1945,

The general trends of the water levels in wells ending in the Patuxent
formation in the Dundalk, Curtis Bay, and Fairfield districts are roughly
similar, showing a general decline to about 100 feet below the land surface
in 1940-42, after which the water levels rose in the Dundalk and Curtis Bay
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districts to about 75 to 90 feet below the land surface. The water levels
in the Fairfield district also rose after 1942, but by a much smaller amount.
The rise in water levels in the wells ending in the Patuxent formation 1n all
the industrial area after 1942 was caused chiefly by the reduction in pumping
at a single plant, the Bethlehem Steel Co. in the Sparrows Point district

The trend of the artesian head of the Patapsco formation in the Sparrows
Point district shows a gradual decline until about 1937-39, when the head
was about 80 feet below the land surface. At about that time the Bethlehem
Steel Co. increased its pumping and the artesian head declined rapidly, reaching
a level of as much as 190 feet below the land surface in 1942, The pumpage
was reduced considerably late in 1942 and the artesian head rose rapidly,
reaching a level of about 30 to 50 feet below the land surface by the end
of 1945,

No long-term records of water levels in wells ending in the Patapsco for-
mation in the other industrial districts are available, but it is likely that the level
at no time was more than 75 feet below the land surface.

WATER-LEVEL FLUCTUATIONS IN OBSERVATION WELLS
BALTIMORE INDUSTRIAL AREA

It is essential to know as accurately as possible the exact trend of the water
levels in the Baltimore industrial area; consequently observation wells were
measured at frequent intervals, usually once a week or continuously by means
of automatic water-level recorders. The water-level measurements are given
in Table 17 and graphs of the water-level fluctuations in eight wells are shown
in Figures 11 to 15.

Sparrows Point District

The water-level fluctuations in well Bal-Gf 6 (fig. 11), owned by the
Bethlehem Steel Co., is typical of the changes in artesian head in the Patuxent
formation near the center of pumping in the Sparrows Point district. The
static water level in the well, which was about 151 feet below the land surface
in 1941, rose about 60 feet during 1942. Since that time the trend of
the water level has been essentially horizontal. The fluctuations during a year
have a large amplitude, about 20 feet, owing to the changes in the rates of
pumping of nearby wells,

Well Bal-Gf 177, at Bay Shore Park, also ends in the Patuxent formation
and is in a locality of little pumping about 4 miles east of the center of
pumping in the Sparrows Point district. Between July 24, 1943, and October
21, 1945 the water level in this well showed a net rise of 15.02 feet.

The fluctuations of the water level in well Bal-Gf 1, owned by the Bethle-
hem Steel Co., typify the changes in artesian head in the lower part of the
Patapsco formation (fig. 12). The water level in this well rose about 55 feet
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during 1942-43, reaching a level of about 35 feet below the land surface near
the end of 1943. During 1944-45 the trend of the water level was nearly
horizontal, although there is a suggestion of a slightly upward trend during
1945. The minor fluctuations during 1944-45 were caused chiefly by changes
in the rate of pumping from wells ending in the same aquifer at the Bethle-
hem Steel Co. plant.

Well Bal-Gf 183, which ends in the lower part of the Patapsco formation,
was used as an observation well during the period June 12, 1944, to December
31, 1945. During that period the water level in the well, which is about 2
miles cast of the center of heavy pumping in the district, showed a net rise
of 8.39 feet. The major part of the rise probably was caused by the reduction
of pumpage in 1942 at the Bethlehem Steel Co.

Fluctuations of artesian head in the upper part of the Patapsco formation in
the Sparrows Point district are best shown by the record of water levels in well

Bal-Gf 79, owned by the Bethlehem Steel Co. The water level in this well
was 39.42 feet below the land surface on July 20, 1943, but it reached 28.60
on December 31, 1945, a net rise of 10.82 feet. The amplitude of the daily
fluctuations in this well is much less than in most of the nearby wells which
end in the lower part of the Patapsco formation and in the Patuxent formation.

Dundalk District

Water-level records of two wells, 2S5E-1 at Camp Holabird of the U. S.
Army, and Bal-Gf 19, owned by Paul Jones and Co., Inc.,, are shown in
Figure 13. The fluctuations in these wells probably represent the general
trend of the artesian head in the Patuxent formation in the Dundalk district.
The record of well 2S5E-1 shows that the water level declined from a recorded
high of about 81 feet below the land surface in April 1943 to about 90 feet
at the end of 1943. The trend of the water level is essentially horizontal
through most of 1944 but late in that year it began an upward trend, reaching
a level of about 85 feet below the land surface by the end of 1945. The record
of water-level fluctuations in well Bal-Gf 19, mecasured in 1944 and 1945,
shows a similar trend.

The cause of the downward trend in artesian head during 1943 and the
upward trend during 1945 may be attributed largely to unrecorded changes
in the rates of pumping at the Western Electric Co., Chemical and Pigment
Co., or Federal Yeast Corp.

Fluctuations of the artesian head in the Patapsco formation are shown
by the records of water-level fluctuations in wells 3S5E-3, 4, 6, 7, and 9,
owned by the Federal Yeast Corp. The record of water-level fluctuations in
well 3SSE-3 is the most complete and probably represents fairly well the
changes of artesian head in the Patapsco formation in the Dundalk district.
On May 10, 1943, the water level was 40.40 feet below the land surface
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and on December 28, 1945, it was 41.05 feet below the land surface, a net
decline of 0.65 foot. The lowest water level reached during the period was
on April 20, 1945, when the water level was 51.22 feet below the land surface,
Doubtless this low level was caused by intermittent pumping from wells in
the Patapsco formation at the Federal Yeast Corp.; however, the rate of pumping
from these wells generally was relatively small. The trend of the water levels
in these observation wells seemingly does not correspond with changes in
artesian head in the Patapsco formation in other parts of the industrial area.
Moreover, the depth to water level in the wells in the Patapsco formation in
the Dundalk district is considerably lower than might be expected with the
small amount of pumping from the Patapsco formation in this district.

Curtis Bay District
The changes of artesian head in the Patuxent formation in the Curtis Bay
district are shown by the records of water levels in wells SS3E-15 and 16 and
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6S2E-6, owned by the U. S. Industrial Chemical Co., Curtis Bay plant. The
water-level fluctuations in well 6S2E-G are shown in Figure 14.

Well 6S2E-4 was pumped from July to December 1943. During that time
the water level in well GS2E-6, the observation well, declined gradually. In
December 1943 well 6S2E-4 was shut down for repairs, and by June 1944
the water level in the observation well rose about 25 feet. In September 1944,
well 6S2E-4 was again pumped but at a higher rate than previously. This
caused a rapid decline of about 45 feet in the observation well, after which
the trend of the water level was slightly upward until October 1945, when
well 6S2E-4 was again shut down, and the water level in the observation well
rose about 45 feet.

Owing to the large amplitude of fluctuations in this observation well the
general trend of the artesian head is not shown clearly. The net rise of 34.50
feet between July 6, 1943, and December 28, 1945, has little significance.
However, the record of fluctuations between September 1944 and September
1945 suggests that the general trend of the water level was upward.

The Patapsco formation is an aquifer of relatively minor importance in
the Curtis Bay district. No wells ending in this aquifer were available for
periodic measurements of water level. Owing to the relatively low rate of
pumping from this aquifer in the Curtis Bay district, the general trend of the
artesian head probably has been approximately the same as in the Sparrows
Point district, although the rate of rise or decline probably has been considerably
less.

Fairfield District

The records of water-level fluctuations in wells 4S2E-4, owned by the Weyer-
haeuser Timber Co., and SS3E-15 and 16, owned by the U. S. Industrial
Chemical Co., Fairfield plant, show the changes in artesian head in the Pa-
tuxent formation in the Fairfield district. During June 1945 the measured
water level in well 4S2E-4 ranged from 60.40 to 65.35 feet below the land
surface; however, during the remainder of 1945 the water level showed a gen-
eral rise, reaching a high of 56.06 feet below the land surface on November
16, 1945. A part of this general rise probably was caused by the reduction
of pumping at the Fairfield shipyards of the Bethlehem Steel Co.

Wells 5S3E-15 and 16 were measured periodically between January 26, 1945,
and December 28, 1945. Although these wells end in the Patuxent formation
they tap different water-bearing zones and, owing to the differences in the
rates of pumping from each zone at the U. S. Industrial Chemical Co., Fair-
field plant, the fluctuations of water level cannot be correlated in detail. The
water levels in both wells are so affected by intermittent pumping from nearby
wells that the resulting records do not indicate clearly the trend of the artesian
head. Ail that can be concluded from the records of water levels in these
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wells is that the artesian head in the Patuxent formation did not change greatly
during 1945.

In that part of the area the Patapsco formation is of little or no importance
as an aquifer; consequently, wells that could be used for measurement of water
levels were not available.

Harbor District

The water-level fluctuations in well 281E-16, owned by the Buck Glass Co,,
and well 2S3E-11, owned by the J. S. Young Co,, probably are indicative of
the fluctuations of artesian head in the Patuxent formation in the Harbor
district. Well 2S1E-16 is about 1,000 feet from the center of pumping at
the Chesapeake Paperboard Co. As the rate of this pumping was changed
periodically the fluctuations of water level in well 2S1E-16 have a large
amplitude. However, the well was equipped with an automatic recorder, pro-
viding a continuous record of fluctuations from which the general trend of
the water level could be determined. On April 5, 1944, the water level
reached a low of 58.15 feet below the land surface and a high of 57.18 feet.
At the end of the year, on December 31, 1944, the lowest water level was 48.29
feet below the land surface and the highest water level was 39.30 feet,
showing that the artesian head rose about 10 to 15 feet during the period of
measurement in 1944. The trend of the water level was essentially horizontal
from January 1945 to May 1945. In May and June 1945 the water level
declined about 10 feet, but from September through December 1945 rose
about 3 feet. The general trend of the water level during the period of record
from April 5, 1944, to December 31, 1945, showed a net rise of about 8
feet. The water-level fluctuations in this well seem to show the effects of
seasonal changes in pumping in the Harbor district, for as a rule the water
level was lower in the summer than in the winter.

The water-level fluctuations in well 2S3E-11 are shown in Figure 15. This
graph shows that the trend of the water level was essentially horizontal during
the last half of 1943 and the first half of 1944 but rose about 3.5 feet by
the end of 1945.

Highlandtown District

The changes in artesian head in the Patuxent formation in the Highlandtown
district are best shown by the records of water-level fluctuations in well 1S3E-12,
owned by the Kimball Tyler Co., Inc., as this well is relatively far from the
centers of heavy pumping in the district. The fluctuations of the water
level in this well are shown in Figure 15.

During the period of measurement in 1944, March through December, the
water level declined about 5 feet; during 1945, however, the water level rose
about 2.5 feet, a rise that conforms with the trend of the water level in the
Harbor district during this period.
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Back River District

Periodic water-level measurements were made in well Bal-Ff 1, at the Balti-
more Sewage Disposal Plant in the Back River district. The fluctuations of
water level in this well, which ends in the Patuxent formation, are shown in
Figure 15. The water level declined gradually from about 41 feet below
the land surface in June 1943 to about 44 feet at the end of 1944. During
1945 there was a progressive rise to about 41.5 feet near the end of the year.
The trend of the water level in this well during 1945 conforms reasonably
well with the trend of the water levels in the Harbor and Highlandtown
districts.

AREA OUTSIDE BALTIMORE INDUSTRIAL AREA

Relatively few periodic water-level measurements were made in wells out-
side the industrial districts in and near Baltimore, as few wells were avail-
able for observation; moreover, it was considered desirable to concentrate
on the industrial districts where the ground-water problems were more setious.

Well Bal-Ef 19, owned by the United Clay Mines Corp., near Poplar, be-
tween U. S. Highway 40 and the Baltimore and Ohio Railroad, was measured
periodically from November 18, 1944, to Aug{lst 3, 1945. This well, which
ends in the Patuxent formation near its outcrop, is not appreciably affected
by pumping; and the fluctuations of water level show chiefly the changes in
storage in the Patuxent formation in the outcrop area. These changes are
significant as a large part of the water pumped from the Patuxent formation
in the industrial districts is derived from the outcrop area of the formation.
Consequently, if the movement of water down dip from the outcrop area
exceeded the recharge from precipitation, the water-bearing material in the
outcrop area would be progressively dewatered and the water level in this
observation well would decline. On November 18, 1944, the water level was
60.05 feet below the land surface and on August 3, 1945, it was 59.29 feet,
indicating that at this locality there was no appreciable change in storage of
water in the aquifer.

Some owners of dug wells in the outcrop area of the Patuxent formation
north of Baltimore were questioned to see if they had noticed any appreciable
decrease in yield of the wells during the period 1935 to 1945, Only one of
those questioned reported any noticeable decrease in yield, and it is probable
that his well decreased in yield because of a faulty pump or because the well
had caved. It seems reasonably certain that the pumping in the industrial
districts in and near Baltimore has caused no marked lowering of the water
table in the outcrop area of the Patuxent formation.

The water level in well 4N2W-9, owned by the Baltimore Country Club, in
north Baltimore in the outcrop area of the pre-Cambrian crystalline rocks,
was measured periodically from November 16, 1943, to December 28, 1945,
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98 GROUND-WATER RESOURCES OF THE BALTIMORE AREA

The fluctuations of water level in this well, which are caused chiefly by the
effects of precipitation and transpiration, probably are typical of the general
fluctuations of the water table in the crystalline-rock area where little or no
water is pumped. The record of water-level fluctuations in this well showed
a net rise of 2.37 feet during the period.

SUMMARY

Although the water levels in wells fluctuate from many different causes,
the pumping of ground water, chiefly in the Baltimore industrial area, has
been the principal factor in the changes of artesian head in the water-
bearing formations in the Baltimore area.

Originally, before extensive ground-water development, the artesian head in
the main aquifers, the Patuxent and Patapsco formations, was about 10 to 25
feet above sea level in a large part of the industrial area and in some places
wells had a flow. With the progressive general development of ground-water
supplies after about 1900, the artesian head in the Patuxent formation de-
clined to as much as 160 feet below the land surface; and the artesian head
in the Patapsco formation declined to as much as 190 feet below the land
surface. In most patts of the area, however, the decline in head was much less.
Late in 1942 the pumpage was decreased by about 13,000,000 gallons a day,
in the Sparrows Point and Curtis Bay districts resulting in a progressive rise in
artesian head. Water levels measured periodically during 1943 to 1945 in
selected observation wells show that the trend of the water levels in most
parts of the area has been upward or essentially horizontal. At the end of
1945, the water levels in wells in the Patuxent formation in most of the
industrial area ranged from about 40 to 100 feet below the land surface, and
in wells ending in the Patapsco formation, about 10 to 50 feet below the
land surface.

Reports of the performance of wells and records of water levels in observa-
tion wells in the outcrop area of the Patuxent formation, the main aquifer in
the Baltimore area, indicate no progressive decrease in storage of ground
water in the outcrop area during the brief period of observation. Records
are not available to show whether there was some decline during the earlier
stages of ground-water development.

PIEZOMETRIC SURFACES IN THE BALTIMORE
INDUSTRIAL AREA

“Piezometric surface” is a term used to denote the imaginary surface to
which water will rise in artesian wells and the surface formed by the water
table in the outcrop areas. Thus the terms piezometric surface and water table
are here considered to be synonymous in the outcrop area, but the term
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piezometric surface alone is applicable in artesian areas where, it is generally
supposed, there are only imaginary pressure surfaces, one for each aquifer.
Such a sharp distinction is largely arbitrary, as there are no perfectly impervious
rocks that can prevent completely the movement of water into or out of an
artesian aquifer. For convenience of classification it is satisfactory to use
these terms, provided it is realized that modification of the ordinary concepts
may be necessary in analyzing some phases of the occurrence of ground water.

Prior to the development of ground water in the Baltimore area the config-
uration of the piezometric surfaces was controlled chiefly by the hydrologic
characteristics of the aquifers and intervening confining beds, the topography
of the outcrop areas, and the altitude of the land surface in the artesian
areas. In the outcrop areas the piezometric surface or water table in general

conformed to the shape of the land surface, being high in the interstream
parts of the area and not far above stream level in the valleys.

In the outcrop area of the pre-Cambrian crystalline rocks the land surface
is relatively uneven and incised by many streams; consequently the water
table or piezometric surface is, under natural conditions, correspondingly
uneven. In the outcrop area of most of the Coastal Plain sediments the land
surface is flatter and the water table is more even. However, the western
part of the outcrop of the Patuxent formation has been deeply dissected by
streams and consequently the water table under natural conditions is very
irregular and uneven.

In contrast to the water table in the outcrop areas, the piezometric surfaces
in the artesian areas were, under natural conditions, relatively featureless.
Although the exact shape of these surfaces before large ground-water develop-
ments is not known, it is reasonably certain that in general they sloped gently
toward the southeast. However, this slope probably was not everywhere uni-
form, nor always southeast perpendicular to the trend of the outcrops of
the aquifers. For example, the altitude of the outcrop of the Patuxent for-
mation is generally higher in the area south of Baltimore than in the area
to the north. Therefore it is likely that the piezometric surface of the Patux-
ent formation was higher in the southern part of the area and, consequently,
there the slope of the piezometric surface may have been more nearly east, or
even northeast, than southeast.

As most of the ground-water developments in the Baltimore area have been
in artesian aquifers, the configuration of the water table in most parts of the
outcrop areas has remained essentially unchanged. There are, however, some
exceptions to this; for example, the pumping from the crystalline rocks in
the North Baltimore district probably has formed a cone of depression, though
a relatively small one. The pumping at the Eastern Stainless Steel Corp., in
the Back River district, which is near the outcrop of the Patuxent formation,
probably has depressed the water table in the area near the pumped wells. The
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pumpage in the Highlandtown and the Harbor districts, which also are rela-
tively close to the outcrop of the Patuxent formation, probably has caused some
local depressions to form in the water table; but, in relation to the total area
of outcrop, these local changes in the configuration of the water table due
to pumping are relatively small.

The changes produced by pumping in the piezometric surfaces of the
artesian aquifers have been more pronounced and widespread. Plate 13 shows,
by means of contours, the approximate configuration of the piezometric surface
in the Patuxent formation in the Baltimore industrial area in 1945. The con-
tours are based on measured depths to water level in wells adjusted to a sea-
level datum.

A map of a piezometric surface constructed by this method has several
serious limitations; consequently the contours at best are only an approxi-
mation of the artesian pressure. The movement of water in an artesian aquifer
is three-dimensional, whereas this method of constructing a piezometric map
arbitrarily assumes that the flow is two-dimensional (Hubbert, 1940, p- 910).
In general this assumption may not cause serious errors, but, as the water-
bearing material in the Patuxent formation is very irregular and wells generally
are screened in only a part of the formation, the contours in Plate 13 probably
are considerably in error, particularly in and near the centers of heavy pumpage.
The adjustment of the pressure contours to fit a flow net in accordance with
the Forchheimer graphical solution, as was done in the construction of the flow
net shown in Plate 7, may partly correct these errors. However, as one of the
valuable features of a piezometric map is that it shows the height to which
water rises in existing wells, it seemed more desirable in Plate 13 to fit the
pressure contours as closely as possible to the water levels measured in the
wells rather than to adjust them to fit a flow net.

The lowest parts of the piezometric surface are in the centers of pumping in
the industrial districts where pumping of water from the Patuxent formation
has been greatest. The hydraulic gradient toward the center of the cone
of depression in the Sparrows Point district appears to be much less than it
is in the Curtis Bay and Fairfield districts, even though the rates of pumping
are approximately the same. A part of this dissimilarity is caused by greater
transmissibility in the Sparrows Point district, but a part also is caused by the
relatively steep eastward gradient that existed west and southwest of the
Curtis Bay and Fairfield districts, even before pumping began in the industrial
area.

The lowest parts of the piezometric surface are in the centers of pumping in
the Sparrows Point, Curtis Bay, and Fairfield districts; there the artesian head
is more than 80 feet below sea level. The shallowest cones of depression are
in the Back River, Highlandtown, and Harbor districts, where the artesian
head is about 40 to 60 feet below sea level a short distance from the centers
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of pumping. With respect to the relative decline in head, these levels, how-
ever, are not directly comparable from one district to another, as the original
artesian head was probably higher in the Back River, Highlandtown, and
Harbor districts than in the Sparrows Point, Curtis Bay, and Fairfield districts.

The piezometric surface of the Patuxent formation shows the small extent
and local nature of the large declines in artesian head caused by pumping.
For example, although the artesian head near the centers of pumping in the
Sparrows Point district was about 100 feet below sea level in 1945, the head
was only 30 feet below sea level 3 miles east of the center of pumping. The
artesian head also was about 100 feet below sea level, in 1945, near the
center of pumping in the Curtis Bay district but was only 30 feet below sea
level 1 mile west of the center of pumping.

The piezometric surface of the water in the lower part of the Patapsco
formation is shown in Plate 14. As heavy pumping from this aquifer in the
Baltimore industrial area is confined to the Sparrows Point district, there is
only one large cone of depression. The artesian head near the center of the
cone is about 40 feet below sea level, although at the pumped wells themselves
the head is lower.

An interesting or unusual feature of the configuration of the piezometric
surface in this aquifer is the failure of the 20-foot contour to close around
the northwest side of the Sparrows Point district. The —10, 0, and +10
contours also seem to extend farther northwest than would be expected. The
full explanation for this is not known, but it may be due to several factors.
The original piezometric surface, before pumping began in the area, probably
had a relatively steep northeastward slope in the area southwest of the
Patapsco River estuary but was relatively flat in the area northeast of the river.
This would have been caused by the relatively high altitude of the outcrop
of the Patapsco formation southwest of the Patapsco River estuary. Thus the
northeastward slope of the piezometric surface would cause the pressure contours
to extend northwest, approximately parallel to the Patapsco River estuary, and
even though pumping in the Sparrows Point district changed the configuration
of the piezometric surface, some of the pressure contours would still extend
northwesterly.

The measured low-water levels in wells in the Patapsco formation at the
Federal Yeast Corp. plant in the Dundalk district suggest that the apparent
northeastward extension of the cone of depression may be the result, in part,
of the aquifer pinching out nearby. Such pinching out would cause the
artesian head to be lower than it would be if the aquifer continued and cropped

out.

It also is possible that the Arundel clay is absent in some parts of the
Dundalk district, so that water can move from the lower part of the Patapsco
formation into the Patuxent formation. However, the available well logs do
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not indicate that the Arundel clay is absent in this part of the area; moreover,
chemical analyses of water from the Patuxent formation and water from the
lower part of the Patapsco formation near the centers of pumping in the
Dundalk district show that the waters are different. Thus it is likely that the
Arundel clay prevents any large movement of water downward into the Pa-
tuxent formation, at least in and near the centers of pumping in this district.

The upper part of the Patapsco formation forms a separate aquifer in the
Sparrows Point district but in other parts of the area is not clearly defined.
However, as knowledge of this unit is important in an understanding of
the occurrence of ground water in the Sparrows Point district, a map of its
piezometric surface was constructed (fig. 16). Up to about 1942 this aquifer
was pumped heavily in this district, but since that time there has been little
or no pumping from it. Hence, the configuration of the piezometric surface
is the result of the natural down-dip movement of water through the aquifer,
and the withdrawals through downward leakage to the lower part of the Pa-
tapsco formation through wells and through natural openings in the clay bed
that separates the two aquifers throughout most of the district.

In 1945 the piezometric surface ranged from about 10 to 20 feet below
sea level and had a relatively uniform slope toward the southeast. The south-
eastward slope probably is caused chiefly by the opening in the clay bed in the
southeastern part of the district (Pl. 6). Pumping from wells ending in the
lower part of the Patapsco formation at the Bethlehem Steel Co. plant in the
Sparrows Point district has established a hydraulic gradient from the upper
part to the lower part of the Patapsco formation, thereby causing water in the
upper part of the Patapsco formation to move southeastward across the dis-
trict, then downward to the lower part of the formation, and then northwest-
ward to the pumped wells.

MOVEMENT OF GROUND WATER

Ground water moves from points of high to points of low potential—in other
words, from points at which the artesian head or water table is high to points
at which it is low; it moves in the direction of the steepest hydraulic gradient.
In broad view, the movement of water in the unconsolidated sediments in the
Baltimore area is simple. The water moves from the outcrop areas, where
the water table is at a relatively high altitude, down the dip to the southeast
where because of loss of head from friction the hydrostatic head is progres-
sively lower. In detail, however, the movement of water is very complex,
owing to the inhomogeneity of the rocks, the differences in transmissibility and
porosity, the leakage through confining beds, and because the movement is
three-dimensional.

In the outcrop areas of the water-bearing formations the general pattern of
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the movement is controlled largely by the configuration of the land surface.
Most of the water moves slowly from the interstream areas to the streams where
it is discharged; but some water moves down the dip into the artesian parts of
the aquifers. The general pattern of flow of ground water adjacent to a
stream in the outcrop area is shown in Figure 17. Although this pattern of
flow is attained approximately in the outcrop areas of the unconsolidated
sediments, it probably is only vaguely similar to the pattern of flow in the
crystalline-rock area where the openings in the rocks may be widely spaced.
As the outcrops of the water-bearing formations in the Baltimore area are
incised by numerous streams, the direction of movement of ground water has
little uniformity. The direction of ground-water movement in the artesian
parts of the aquifers, however, is more uniform. The general pattern of
ground-water flow before pumping began was greatly different from the
present pattern caused by the pumping of large quantities of ground water.
Figure 18 shows schematically the movement of ground water under two sets
of conditions that existed in different places in the artesian aquifers in the
Baltimore area before development of ground-water supplies began. Figure
18 A shows the general pattern of ground-water movement in an artesian
aquifer in which the artesian head is higher than the water table. Under
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Ficure 17. Schematic cross section showing the general pattern of ground-water flow

into a stream
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Figure 18. Schematic diagrams showing general direction of movement of ground-

water in an artesian aquifer: A, artesian head higher than water table; B, artesian head
lower than water table
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these conditions water moves slowly down the dip from the outcrop area, then
upward through the overlying confining beds to the saturated material near
the land surface, and then moves either upward into the atmosphere through
evaporation or transpiration or laterally to surface streams where it is discharged.
Figure 18 B shows the general pattern of movement in an artesian aquifer
in which the artesian head is lower than the water table. Under these con-
ditions ground-water movement is practically the reverse of that shown in
Figure 18 A. The higher position of the water table causes water to move
downward through the confining beds into the artesian aquifer, then up dip
to the outcrop area where it is discharged into surface streams or into the
atmosphere by evaporation and transpiration. The schematic diagrams shown
in Figure 18 oversimplify the actual patterns of flow that existed in the area,
because the parts of the area in which the artesian head was higher than the
water table were chiefly in the vicinity of the estuaries, whereas the parts of
the area in which the artesian head was lower than the water table were
chiefly in the land areas between the estuaries. Consequently, the areal dis-
tribution of the two types of conditions was irregular, and the patterns of
flow in few places were as simple as shown in Figure 18. However, the up-
ward movement of water from the artesian aquifers into the salt-water
estuaries was the principal factor that prevented salt water from moving down-
ward and contaminating the artesian aquifers.

The pumping of large quantities of ground water, particularly in the Balti-
more industrial area, has changed considerably the direction and rate of
ground-water movement. The lowering of the artesian head that has accom-
panied the withdrawal of ground water has established a hydraulic gradient
from the outcrop areas of the artesian aquifers down the dip to the centers
of pumping. Consequently at the present time the pattern of flow in the
artesian aquifers is a slow movement of ground water down the dip from
the beveled edges or outcrop areas of the artesian aquifers. In a large part of the
Baltimore industrial area the lowering of the artesian head also has caused an
increase in the rate of movement downward through the overlying confining
beds and in the parts of the area where water moved upward from the artesian
aquifers the pumping has reduced the movement or even reversed it. However,
the quantity of water per unit area moving down the dip from the outcrop areas
of the artesian aquifers far exceeds the movement through the confining beds;
consequently, for most ground-water problems the general movement of water
through the confining beds is not important.

As the steepest hydraulic gradient would be approximately perpendicular to
the contours of equal artesian head shown on the maps, the piezometric maps
show the approximate direction of the movement of ground water in the
aquifers. The direction of movement may differ from that inferred from the
piezometric contours because the motion of ground water is three-dimensional
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whereas the map assumes it to be two-dimensional. Moreover, the direction
of movement is influenced also by differences in transmissibility. For example,
if the transmissibility of the sediments is higher in a certain direction, as it
may be in the Patuxent formation in the Baltimore industrial area, a greater
proportion of water would move in that direction than would be indicated by
the piezometric contours. If the effect of these limitations is taken into account,
the piezometric maps serve well to indicate the general direction of ground-
water movement.

The piezometric map of the Patuxent formation (Pl. 13) shows the centers
of cones of depression, produced by pumping, toward which water is moving;
but the direction of the movement of the water in the Patuxent formation
can be seen more readily from the flow-net map (Pl. 7). The flow lines show
that a large part of the water pumped from the Patuxent formation in the
Back River, Highlandtown, and Harbor districts has moved directly south-
east from the outcrop of the formation, whereas most of the water pumped
from the Patuxent formation in the Sparrows Point and Curtis Bay-Fairfield
districts has moved northeast and southwest approximately along the strike of
the formation in the vicinity of the Baltimore industrial area. The relatively
low transmissibility of the Patuxent formation along its outcrop has caused
the cone of depression, produced by pumping in the Baltimore industrial area,
to extend farther northeast and southwest of Baltimore than it would if the
transmissibility at the outcrop were higher. This elongation of the cone of
depression parallel to the outcrop causes water to move to the centers of
pumping from greater distances. Although no positive data are available, it
is possible that water may move to the centers of pumping from distances as
much as 20 to 40 miles southwest and northeast of Baltimore.

The rate of movement of water in the artesian aquifers is exceedingly slow.
This can be shown by computing the approximate rate of movement in the
Dundalk district where the transmissibility of the Patuxent formation is
highest. The approximate velocity of ground water moving through sedi-
ments may be computed by the following equation:

Pi
V=———
P
where

V = velocity in feet per day
P — permeability in cubic feet per day per square foot
i = hydraulic gradient expressed as decimal fraction
p = porosity expressed as decimal fraction

According to the flow-net analysis the coefficient of transmissibility of the
Patuxent formation in the Dundalk district is 70,000; and the available well
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logs show that the average thickness of permeable water-bearing material

. 5 e 0,000
is about 70 feet. The coefficient of permeability is therefore 17(7— or

1,000 gallons a day per square foot which -is equal to 133.7 cubic feet per
day per square foot. The porosity of the water-bearing material in the Pa-
tuxent formation is not known, but is estimated to be about 40 percent or,
expressed as a decimal, 0.40. With a hydraulic gradient of 100 percent,

2 g 133, 1 .
or unity, the velocity would be 0 T or 334 feet per day. Obviously

0.40

a hydraulic gradient of 100 percent would occur only within a few feet of
the pumping wells where the cone of depression slopes steeply. At a distance
of about 1 mile northwest of the center of pumping in the Dundalk district
the hydraulic gradient is about 30 feet per mile and with this gradient the
velocity would be 1.9 feet per day or about 700 feet per year. At this rate,
it would take from 20 to 25 years for water to move from the Harbor district to
the center of pumping in the Dundalk district, a distance of about 3 miles.

Northeast of the industrial districts the hydraulic gradient decreases apprec-
iably and beyond a distance of about 10 miles probably is no more than 5
feet per mile. With this gradient, and with the coefficient of permeability
and porosity used in computing the velocity in the Dundalk district, the velocity
of the water would be about 0.3 foot per day or about 110 feet per year.
Water in the Patuxent formation may move to the Baltimore industrial area
from a distance of as much as 40 miles; consequently, at a velocity of 110 feet
per year, the time required for the water to move 40 miles would be nearly
1,900 years. In other words, a part of the water pumped from the Patuxent
formation at the present time (1945) may have entered the aquifer as long
ago as the 1st century.

The general direction of movement of water in the lower part of the Pa-
tapsco formation is indicated by the piezometric map of this aquifer (Pl. 14).
As most of the pumping from the water-bearing formation is now centered
in the Sparrows Point district, in general the water moves toward that district.
The piezometric contours show that relatively little water moves directly down
the dip from the northwest, the direction from which it normally would be
expected to move. The reason for this is not known but, as explained prev-
iously, the water-bearing material may pinch out in the vicinity of the Canton
district, thereby preventing water from entering the aquifer from that direc-
tion.

Figure 16, a piezometric map of the upper part of the Patapsco forma-
tion in the Sparrows Point district, shows the general direction of the move-
ment of water in this aquifer. The piezometric contours indicate that water
moves rather uniformly southeast across the district. As there was practically
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no pumping from this aquifer during 1945, the water is not diverted to any
points of withdrawal. The movement appears to be controlled chiefly by
openings in the confining bed that separates the lower and upper parts of the
Patapsco formation in a large part of the district. The openings probably
are south and southeast of the district, permitting water in the upper part
of the formation to move downward into the lower part.

RECHARGE

Several factors affect the 1ate of recharge. The quantity of water that falls
as precipitation is important; but, in the Baltimore area where the average
annual precipitation is about 42 inches, and prolonged dry periods are un-
ccmmon, the rate of recharge is more dependent on other factors, such as the
permeability of the water-bearing material. With respect to permeability,
the conditions for recharge are more favorable in the unconsolidated sediments
than in the less permeable crystalline rocks. The configuration of the land
surface also has some effect in limiting the recharge; on steep slopes, such as
those in the crystalline-rock area, water from precipitation runs off more
rapidly than on the flatter land surface formed by the unconsolidated sedi-
ments. The density and type of vegetation control the amount of water tran-
spired from the soil zone during the growing season and thus some water is
prevented from reaching the water table. The areal extent of the outcrops of
the water-bearing formations is important, for more water may enter a
formation if its area of intake is large than if it is small. Under natural
conditions, however, the outcrop of a formation may function, in some areas,
as a discharge area, the recharge taking place through the overlying confining
beds in the artesian part of the aquifer. Even when the artesian part of an
aquifer is recharged by water transmitted from its outcrop area, the rate of
recharge in the outcrop area, under natural conditions, may be limited by the
rate at which water is discharged naturally through the confining beds over-
lying the artesian part of the aquifer.

Thus in the Baltimore area, where the amount of precipitation is not as
important a limiting factor as it is in drier areas, the rate of recharge in
the outcrop area under natural conditions is affected greatly by (1) the
permeability and thickness of the confining beds in the artesian part of the
aquifer, (2) the hydraulic gradient between the artesian aquifer and the
water table at or near the land surface, and (3) the size of the area of con-
fining beds through which water is discharged. In accordance with the
principle (Ghyben-Herzberg) governing the occurrence of fresh water in
aquifers that are hydrologically connected with the sea, the size of the area
through which water discharges, under natural conditions in the artesian aquifers,

is somewhat dependent on the height of the water table above sea level.
Therefore, the rate of recharge to the artesian aquifers is, in tumn, proportional
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to the height of the water table above sea level. Under hypothetical conditions
where the outcrop forms a perfectly level surface, the recharge would equal
the amount of water that could be transmitted down the dip and through the
relatively impervious confining beds. Under these conditions the rate of
recharge generally would be small and a large part of the water from precipi-
tation would be rejected. However, where the outcrop areas are incised by
effluent streams, as they are in the Baltimore area, ground water would be
discharged into them and accordingly would permit water from precipitation
to enter the aquifer at a higher rate. The increase in recharge caused by
the presence of effluent streams is not important so far as the artesian parts
of the aquifers are concerned, for in a sense it is merely an underground form
of rejected recharge. That it occurs shows clearly, however, that the potential
recharge in the Baltimore area far exceeds the quantity of water now being
transmitted down the dip to the localities or areas of discharge. That the
potential recharge is high might be expected, for the average annual precipi-
tation is high and in general the land surface formed by the porous and per-
meable unconsolidated sediments is relatively flat. In Baltimore, however,
buildings and paved streets form an impervious covering that decreases the
rate of infiltration from precipitation. It is difficult to estimate their effect on
the recharge; but, with respect to the recharge in the entire outcrop area, it
probably is insignificant. Nevertheless, reduction of recharge in the vicinity
of Baltimore caused by buildings and streets may have decreased slightly the
availability of water in the Harbor, Canton, and Highlandtown districts.

The pumping of ground water may lower the water table sufhciently to
establish a gradient from a stream or other bodies of surface water to the
pumped wells, thereby increasing the recharge to the aquifers. For example,
the pumpage of about 1,200,000 gallons a day from the Pleistocene deposits
at the Calvert Distilling Co., near St. Denis, is derived largely by induced re-
charge from the Patapsco River. The water table in the Patuxent formation
in the Harbor and Canton districts is lower than the water level in the adjacent
Patapsco River estuary, so that recharge is induced, but here it is not desirable
because the water in the estuary is brackish. Pumping from the Patapsco for-
mation in the Baltimore industrial area also induces recharge of brackish water
from the Patapsco River estuary.

In summation, although practically all the ground water in the Baltimore
area is derived from precipitation the potential rate of recharge is so high
that it is not an important limiting factor in the quantity of ground water
that can be developed.

CHEMICAL CHARACTER OF THE GROUND WATER

All the mineral components in rocks are soluble in water to some extent;
consequently, ground water in passing through the rocks becomes mineralized.
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The character and degree of mineralization depend on many complex factors
but in general are controlled by the type of minerals in the rocks and the
solvent power of the water, which generally varies in accordance with the
amount of dissolved carbon dioxide and organic acids it contains. For the
most part the minerals in the rocks in the Baltimore area are rather insoluble
so that the ground water, where it is not contaminated by salt water, gener-
ally contains a relatively low content of mineral matter. Nevertheless, even
when the water contains very small quantities of some mineral constituents,
treatment may be required before the water can be used in certain industrial
processes; hence it is generally desirable to know accurately the quantity of
the various mineral constituents in the water. Moreover, in the Baltimore
area, the large ground-water developments have caused changes in chemical
character of the water in some parts of the aquifers, and many chemical

analyses are required for an understanding of the nature and extent of these
changes. In the following discussion “‘contamination” refers to undesirable
changes in mineral content and not to bacterial pollution.

Chemical analyses of 129 samples of water from 112 wells were made by the
Water Resources Laboratory of the Geological Survey; these analyses, with
analyses obtained from other sources, are given in Table 13,

CHEMICAL CHARACTER OF UNCONTAMINATED
GROUND WATER

Although large parts of the Baltimore industrial area now yield ground
water that has become highly mineralized, through contamination induced by
pumping, it is desirable first to summarize the chemical character of the
ground water where it is uncontaminated, as this affords a basis for comparison.

PRE-CAMBRIAN CRYSTALLINE ROCKS

Water from twelve wells ending in the crystalline rocks was analyzed dut-
ing the investigation, and only three of these wells appear to yield uncon-
taminated water. These are wells Bal-Fc 1, Har-Dc 1, and How-Cg 1. Three
analyses are not sufficient to show accurately the native chemical character of
the water from the crystalline rocks, but as most of the ground water in the
Baltimore area is derived from the unconsolidated sediments it seemed desir-
able to restrict the number of analyses of water from crystalline-rock wells so
that a larger number of analyses of water could be made for wells ending in
the unconsolidated sediments. The three analyses, however, indicate the order
of magnitude of mineralization, as field observations and information from
people using wells ending in the crystalline rocks indicate no wider range in
chemical character than shown by the three anlayses. The range in some of the
mineral constituents in parts per million, shown by the three analyses is:
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TABLE 13
Chemical Analyses of Water from Wells

Pre-Cambrian Cryatalline Rocks
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122 GROUND-WATER RESOURCES OF THE BALTIMORE AREA

total hardness, 30 to 123; chloride, 4 to 12; sulfate, 1 to 20; bicarbonate, 4 to
144; and iron, 1 to 8. The analysis for well Bal-Fc 1 shows a nitrate con-
tent of 25 parts per million, suggesting that the water may be polluted with
organic matter.

Except for the rather high content of iron in the water in some parts of
the crystalline-rock area, the water generally is satisfactory in chemical char-
acter for most uses.

PATUXENT TFORMATION

A large number of chemical analyses were made of water from wells
ending in the Patuxent formation; these analyses show that most of the
water was contaminated at least to a small degree. Twenty-two analyses
were selected as showing little or no contamination and considered repre-
sentative of the uncontaminated water in the Patuxent formation in the Balti-
more area. Of these analyses 10 are complete, having all the common mineral con-
stituents determined. The remainder are partial analyses in which in general
only the following constituents were determined: bicarbonate, sulfate, chloride,
nitrate, total hardness, and pH. The range in the constituents in parts per
million in these 22 analyses, is:

Low High Average

Silica 7.1 9.7 8.4
Iron .01 28 5.0
Calcium .8 5.2 1.9
Magnesium 5 3.3 1.2
Sodium and potassium 1.3 6.3 3.9
Carbonate .0 .0 .0
Bicarbonate 1.0 20 7.1
Sulfate 1 18 5.8
Chloride 1 8.6 3.7
Nitrate .0 6.5 1.1
Fluoride .0 .0 0
Dissolved solids 18 50 29

Total hardness 4.3 26 1]

pH 4.1 6.8 S

This summary shows that the water is very soft, having an average total
hardness of 11 parts per million, and low in dissolved solids, having an
average of 29 parts per million. The average pH is 5.5 which is rather low
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—that is, the water is on the acid side though at a pH of 5.5 free acid 1s
not present. The average iron content of 5.0 parts per million is not repre-
sentative, as a few very high figures cause the average to be disproportionately
high. Nevertheless, a number of water users in the area treat the water for
removal of iron.

In gencral the water is satisfactory in chemical quality for most uses, but the
low mineral content and low pH cause the water in some parts of the area
to be corrosive. For example, the screen in well 652E-1, Curtis Bay district,
was corroded considerably during the 4 years it was in use (Pl. 24 B). The
chemical analysis of the water from this well shows only 18 parts per million
of dissolved solids and a total hardness of only 4.9. The water probably con-
tains carbon dioxide, which would increase its corrosiveness.

PATAPSCO FORMATION
The chemical quality of uncontaminated water in the Patapsco formation is
typified by the analysis for well Bal-Gf 179. This analysis, which shows the
water to be very soft and to have a low mineral content, ts similar to analyses
of water from the Patuxent formation. A summary of 11 analyses of un-
contaminated water from the Patapsco formation, of which most are partial
analyses, is in parts per million:

Low High Average

Iron 0.04 14 3.8
Bicarbonate 3 20 7.1
Sulfate .6 16 4.7
Chloride 1.5 5.5 B0
Nitrate .0 9.1 4.2
Fluoride .0 .2 2
Dissolved solids 33 36 35

Total hardness 9.2 18 15

pH 4.2 6.7 5.9

The iron content typically is much higher in the Baltimorc industrial area
than that of the water from the Patuxent formation, even though the arithmetic
average for the 11 samples is 3.8 parts per million, as compared with the
similarly unadjusted average of 5.0 for the Patuxent formation. The iron
content of water from both formations has a wide range and may differ

markedly within a single well field.

PLEISTOCENE DEPOSITS
The chemical quality of water from the Pleistocene deposits has a wider
range than water from the underlying Cretaceous sediments. Most of the
samples of water {rom the Pleistocene deposits were collected from wells that

are contamimnated by highly mineralized water; consequently most of the




124 GROUND-WATER RESOURCES OF THE BALTIMORE AREA

analyses of water from wells in the Pleistocene deposits in Table 13 are
of little value in showing the character of the uncontaminated water. The
only analyses made by the Geological Survey that appear to be of water
essentially free from contamination are those for wells Bal-Gc 1, Har-De 6,
Har-De 18, and Har-Ed 14. These analyses show the following range in
mineral constituents in parts per million: iron, 0.03 to 14; bicarbonate,
10 to 56; sulfate, 1 to 20; chloride, 9 to 17; nitrate, 1 to 22; total hardness,
26 to 45; and pH, 6.6 to 7.5. These analyses indicate that the bicarbonate
content and pH are higher than they generally are in water from the Cre-
taceous sediments.

MINERAL CONTAMINATION OF THE GROUND WATER

The preceding summary of analyses indicates that prior to the development
of large grecund-water supplies in the Baltimore area practically all the ground
water had a low mineral content. This may appear incongruous as in the
estuaries salt water covers parts of the outcrops of all the unconsolidated
sediments.

GHYBEN-HERZBERG PRINCIPLE AND ITS APPLICATION TO
THE CONTAMINATION OF THE GROUND WATER

The occurrence of fresh ground water in contact with salt water was
first studied in Europe by Ghyben (1889, p. 21) and by Herzberg (1901),
who apparently was not aware of any earlier work.

They found that in wells drilled near the seashore fresh water occurred
below sea level to a depth equal to about 40 times the height of the fresh
water above sea level. As the average specific gravity of sea water is about
1.025 and fresh water about 1.0, or about 41 to 40, it was concluded that
the fresh water and salt water were in a state of equilibrium in which a
vertical column of salt water 40 feet high balanced a proportionately longer
vertical column, 41 feet high, of the less dense fresh water; the proportions
would hold so long as the fresh water formed a sharp contact with the
salt water. This relationship, which is generally applied to salt water having
the density of sea water, has led to a general rule of a 40-to-1 ratio; that is,
the depth in feet below sea level to the contact between fresh and salt water
theoretically will be 40 times the number of feet the static level of the
fresh water is above sea level.

In the Baltimore area, however, the water in the estuaries, for example
in the Patapsco River estuary, is considerably less salty than sea water; con-
sequently its density is lower than 1.025 and accordingly the ratio is much
higher than 40 to 1. Figure 19 shows the approximate relation of various
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FiGure 19. Relation of specific gravity of various concentrations of aqucous solutions
of sodium chloride to the depth below sea level of the contact between fresh and salt
water when the fresh-water head is 1 foot above sea level—according to the Ghyben-Herzberg
principle
concentrations of aqueous solutions of sodium chloride to this ratio. The
chloride content of the water in the Patapsco River estuary probably has a
wide range but in general is about 2,000 to 5,000 parts per million. At
the latter concentration the ratio theoretically would be approximately 250
to 1 instead of 40 to 1. Hence, under ideal conditions, the contact be-
tween salt and fresh water, for example near the Patapsco River estuary, would
be much steeper and the fresh water would extend to a greater depth than
it would under a ratio of 40 to 1.

Although Ghyben and Herzberg apparently considered that hydrostatic equi-
librium existed between the fresh water and salt water, complete equilibrium
probably never exists in nature; moreover, if it did, the principle they set
forth would not hold, at least after a period of time. As has been pointed
out by Hubbert (1940, pp. 924-926), and Krul and Liefrinck (1946, pp.
15-17,) the Ghyben-Herzberg principle can apply only to flowing fresh and
salt water in dynamic equilibrium.

The general relation between fresh and salt water in shallow aquifers ncar the
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estuaries in the Baltimore arca is shown in Figure 20 A. This section is
idealized; owing to the presence of clay beds and other relatively impervious
material the position of the contact between fresh and salt water probably
would be considerably different than shown in the figure; nevertheless, the basic
principles that it demonstrates would still apply. Under natural conditions,
before pumping, it is not likely that salt water eatended to any great depth
below the Patapsco River estuary or Chesapealic Bay, for rclatively impervious
clay beds would have so retarded vertical movement of water that lateral
movement of water in aquifers below the clay beds would have kept the water
fresh. Hence it is probable that, under natural conditions, the depth to which
salt water cxtended bencath the estuaries was limited largely by the clay beds
or other relatively impervious material and not by the density relation of salt
and fresh water in accordance with the Ghyben-Herzberg principle.  Also,
as the unconsolidated sediments in the Baltimore area generally are irregular
and lenticular it is likely that the depth of salt water bencath the estuarics had
a wide range.

The Ghyben-Herzberg principle also has been applied to artesian condi-
tions—for example, along the coast of New Jersey (Barksdale, Sundstrom,
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Ficure 20. Idealized diagram showing the movement of water in the shallow aquifers
in the vicinity of the cstuaries in the Baltimore arca: A, movement under natural condi-

tions before ground-water pumping began; B, movement during pumping of ground water
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and Brunstein, 1936, pp. 25-37); although artesian conditions in nature
seldom approach the conditions assumed in this application of the principle
it is the best method available for analyzing the relation between salt and
fresh water in artesian aquifers that are hydrologically connected to the sea
or other bodies of salt water.

As has been shown previously, the major artesian aquifers in the Baltimore
area dip southeastward toward the Atlantic Ocean, and though the permeable
water-bearing material may not be expesed directly to the salt water in the
Atlantic Ocean, none of the sediments are so impervious that the penetration
of salt water would be completely prevented. Thus, according to the Ghyben-
Herzberg principle, the depth to which fresh water would extend in an artesian
aquifer would be governed by the height above sea level of the water table
in the outcrop area. If, for example, the water table were 100 feet above sea
level and the salt water had a density of 1.025, according to the principle
the contact between fresh and salt water would be 4,000 feet below sea level.
As has been pointed out, however, this principle assumes that the fresh water
and salt water are in hydrostatic equilibrium, a condition that is rarely
attained in nature. To apply the Ghyben-Herzberg principle to the artesian
aquifers in the Baltimore area it is necessary to consider the manner in which
fresh water circulates in the aquifer from its outcrop to outlets of natural
discharge; the pattern of circulation is shown in Figure 21.

The confining beds that overlie the artesian aquifers are not completely
impermeable, and water can move down the dip through the aquifer and thence
upward to surface streams or the atmosphere. This movement of water can-
not occur without a hydraulic gradient; therefore under natural conditions
the piezometric surface would slope southeastward toward the Atlantic Ocean.
If the transmissibility of the aquifer were uniform the piezometric surface
would slope at a decreasing rate toward the southeast, because the quantity
of water flowing through the aquifer would decrease toward the southeast
as the water leaked upward through the confining beds. The decrease in
hydraulic gradient would be accentuated by the relatively greater natural dis-
charge in the up-dip part of the aquifer, where the confining beds are thinner.
Because of its slope the piezometric surface would be lower in the down-dip
part of the aquifer than in the outcrop, and accordingly the depth to which
fresh water would extend down the artesian aquifer would be less than indi-
cated by the Ghyben-Herzberg principle for a condition of hydrostatic equi-
librium.

The position of the salt-water front in the Patuxent and Patapsco forma-
tions is not known accurately. With respect to the Patuxent formation, well
Bal-Gf 186 at Bay Shore Park, which ends in that formation and is about
10 miles down dip from the outcrop area, yields water of low chloride con-
tent. However, a well drilled to a depth of 1,135 feet at Chestertown, and
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ending in the Patuxent formation encountered very salty water (Clark,
Mathews, and Berry, 1918, pp. 270-272). The Chestertown well is about
20 miles down dip from the outcrop. This would suggest that the salt-water
front in the Patuxent formation may be somewhere between 10 and 20 miles
southeast of the outcrop; however, the salt-water front probably is not
equidistant from the outcrop at all points. The water table in the outcrop
area of the Patuxent formation generally is higher in the southern part of
the area; consequently the salt-water front may be farther southeast of the
outcrop in the southern part of the area than in the northern part, where the
water table generally is at a lower altitude.

Few data are available on the position of the salt-water front in the
Patapsco formation, but wells in the Annapolis area, which s about 12 miles
southeast of the center of pumping in the Patapsco formation in the Balti-
more industrial area, draw fresh water from that formation.

With the development of ground-water supplies and the accompanying
withdrawal of large quantities of ground water, the dynamic equilibrium
between salt and fresh water was upset in some parts of the area. The lower-
ing of the water table below the level of the salt water in the Patapsco River
estuary allowed the salt water to flow from the estuary into the fresh-water
aquifers (fig. 20 B). Up to the present time this has been the only manner
in which salt water has encroached into the aquifers in the Baltimore area;
however, pumping of water from the Patuxent formation may also have caused
an advance of the salt-water front up dip toward the heavily pumped areas,
though no information is available to indicate whether this has happened. Tf
the artesian head in the Patuxent formation has been lowered sufficiently in
and southeast of the Baltimore industrial area so that there is now a northwest-
ward hydraulic gradient toward the Baltimore area all the way from the
area where salt water is present in the formation, then it is merely a question
of time until the salt water reaches the centers of pumping in the Patuxent
formation. It is possible, however, that the cone of depression in the Patuxent
formation reached equilibrium before extending to the salt water that is con-
tained in the formation at some distance southeast of the Baltimore industrial
area—that is, that a “fresh-water divide’’ above sea level remains southeast
of Baltimore. Because it is not yet known, therefore, whether up-dip en-
croachment of salt water in the Patuxent formation may be possible, it would
be advisable to take measures for detecting any encroachment before it reaches
the heavily pumped areas. As the greatest down-dip extension of the cone
of depression is southeast of the Sparrows Point district, it is likely that any
salt water moving up dip would first reach wells tapping the Patuxent forma-
tion in that district. The diagram showing flow lines and equipotential con-
tours (Pl. 7) indicates that if salt water does encroach it may appear first in
the Bay Shore Park area (well Bal-Gf 186) before reaching the heavily
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pumped Sparrows Point district. Thus periodic analysis of chloride in samples
of water from that well may afford a means of detecting an advance of the
salt-water front before it reaches the heavily industrialized Sparrows Point
district.

Insofar as cxisting ground-water developments are concerned the up-dip
encroachment of salt water in the Patuxent formation should not be considered
as constituting an immediate danger. It is not known that it is actually
taking place; and, even if it is, its rate of advancc probably is so slow
that it would require many years to advance from the vicinity of Bay Shore
Park, where it probably could be detected first, to the heavily pumped wells
in the Sparrows Point district. Nevertheless, careful consideration should be
given to the possibility of up-dip encroachment of salt water before large
ground-water supplies are developed from the Patuxent formation southeast
of the Sparrows Point district.

Because the cone of depression in the Patapsco formation is much smaller
than that in the Patuxent formation and the position of the salt-water front
is farther southeast, the possibility of up-dip encroachment of salt water into
the Baltimore industrial area in the Patapsco formation appears remote.

SALT-WATER CONTAMINATION FROM THE PATAPSCO
RIVER ESTUARY

Salt-water contamination, chiefly in the Patuxent formation and Pleistocene
deposits, was present in a small part of the area about 50 years ago, for Dat-
ton’s study (1896, pp. 139-140) of the ground water-conditions in the Balti-
morc area about 1890 to 1895 disclosed that a few wells in the Harbor dis-

trict were contaminated by salt water. These wells were probably close to
the Patapsco River, for at that time most wells in the area apparently yielded

water of good chemical quality. As pumping increased in the Harbor and
Canton districts, contamination became more widespread and many wells were

abandoned. Records of wells in the Baltimore area obtained in 1909 and
1916 (Clark, Mathews, and Berry, 1918, pp. 338-364) indicate that many
wells in the Harbor district and the western part of the Canton district had
become contaminated with salt or brackish water.

Up to 1916 there was little or no contamination in the Highlandtown,
Sparrows Point, Dundalk, Curtis Bay, and Fairfield districts; however, an in-
vestigation by Singewald (1920) for the U. S. Industrial Chemical Co.
showed that, in 1920, a few wells ending in the Patapsco formation in the
Curtis Bay district had become contaminated with salt water. The Patapsco
formation was contaminated by salt water chiefly between 1920 to 1940, as it
was during that period that many large ground-water supplies were developed
near the Patapsco River estuary.
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The approximate areal extent of contamination in the Patuxent formation
in 1945, caused by salt water in the Patapsco River estuary moving directly
into the formation, is shown on Plate 15. For outlining the area con-
taminated water is assumed arbitrarily to be indicated by a chloride content
of 15 parts per million or more. Some wells outside the area shown as con-
taminated yielded water of a higher-than-normal chloride content, but other
data indicated or suggested that these wells were being contaminated locally
from the Patapsco formation or Pleistocene sediments through leaks in well
casings; consequently, the area shown as contaminated was not extended to
include such wells.

The map shows that the area of contamination covers practically all the
Harbor district, a large part of the Canton district, and the southern part
of the Highlandtown district, and extends south to the northernmost part of
the Fairfield district.

The chloride content of the water from wells in the area of contamination,
and of some of the wells outside, is shown in Plate 15. Water from well
2S1E-4 in the Harbor district has the highest chloride content, 5,350 parts
per million, which is about as saline as the water in the nearby Patapsco River
estuary.

Plate 16 shows the approximate areal extent of salt-water contamination in
the water-bearing material that overlies the Arundel clay. This material con-
sists chiefly of the Patapsco formation but includes sediments of Pleistocene age.
The contaminated area includes large parts of the Canton, Dundalk, Fairfield,
and Curtis Bay districts and practically all the Sparrows Point district. Again, a
chloride content of 15 parts per million or more is considered arbitrarily as indi-
cating contamination. As many wells ending in the Patapsco formation have
been abandoned, it was not possible to obtain samples of water for chemical
analysis from a large part of the area of contamination; for this reason the area
shown is based to some extent on reported information. The chloride content
of the water within the contaminated area has a wide range, as shown by symbols
in Plate 16. Water in some parts of the contaminated area probably bas a
chloride content of as much as 4,000 to 5,000 parts per million, or about the
same as that of water in the Patapsco River estuary. Chloride contents of more
than 1,000 parts per million have been recorded for some wells in the Sparrows
Point district.

CONTAMINATION BY INDUSTRIAL WASTES

Contamination of ground water by industrial wastes has been present in
the Baltimore area for many years. Darton (1896, p. 143), who investigated
the area about 1890 to 1895, reported that the soil at the old Baltimore Copper
Co. plant in the Canton district was deeply saturated with acid, and that water
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from a well there probably was contaminated. Records of wells obtained 1n
1909 and 1916 (Clark, Mathews, and Berry, 1918, pp. 342-344) indicate
that contamination of ground water by acid in the Harbor district was not
uncommon at that time.

It was not possible to map the areal extent of the acid-contaminated ground
water in the Baltimore area as most of the contaminated wells have been
abandoned, preventing collection of water samples for chemical analysis. The
major part of the acid contamination in the Canton district involves the water-
bearing sands above the Arundel clay, but the Patuxent formation in that
district also has been contaminated by leakage through wells,

Contamination by acid has been the principal cause in the abandonment of
many wells in the Canton district; because of this, the pumping in the
district is considerably less than formerly. During recent years the area of
acid contamination has expanded northward to include some of the wells
in the southern part of the Highlandtown district. A water sample collected
on March 11, 1944, from well 2S4E-2, owned by the Crown Cork and Seal
Co., had a total acidity of 161 parts per million (as H,SO,) and a pH of
3.6. A small steel file was placed in a sample of this water and bubbles of
hydrogen were generated almost immediately. Other wells at this plant
also yield water having a low pH, causing severe corrosion of well equipment
and cooling-condenser tubes.

The source of the acid, which apparently is mostly sulfuric acid, cannot
be attributed to any one locality. As acid plants and other industries in which
acid is used in processing have been operated in the district during the past
100 years or more, it is likely that industrial wastes at several localities have
caused the contamination. Moreover, as Geyer (1945, p. 11) points out, a

part of the district has been used for dumping slag for many years, and
natural oxidation of the sulfur in the slag produces sulfuric acid. In some
parts of the district cast-iron water mains of the Baltimore public water supply
had a maximum life of only 5 years; consequently elaborate protective
measures have been employed to prevent rapid corrosion of the mains (Balti-
more Department of Public Works, 1930, pp. 47-48).

Other industrial wastes also have caused local contamination of water-bearing
formations. A sample of water collected on May 29, 1944, from well 2S1E-73,
depth 30 feet, contained 664 parts per million of chromium. A plant in the
Canton district is said to have considered drilling a water well years ago to
recover the copper sulfate in the ground water contaminated by industrial
wastes. About 35 dollars worth of copper could have been recovered from
the water pumped during a day but as a well would not have lasted more
than about 2 years in the corrosive water the proposal was not carried out.

Most of the contamination from industrial wastes is in the Canton and
Harbor districts where salt water also has extensively contaminated the
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aquifers. The aquifers in other parts of the industrial area may be locally
contaminated by industrial wastes, but it has not caused any appreciable change
in quality of ground water pumped from the major well fields.

METHODS OF TESTING FOR SALT-WATER ENCROACHMENT

To determine whether the areas of contamination are spreading, a large
number of samples of water were collected periodically from wells and field
tests for chloride and pH were made. These data and chloride determinations
made by industries are given in Table 14.

A long record of chloride determinations is of importance in determining
the manner in which a well is being contaminated and whether the degree
of contamination is increasing or decreasing. The chloride content may
change appreciably within short periods of time (fig. 22); consequently,
samples of water for chloride determination should be collected at least once
a month from all wells in the industrial area that are equipped for pumping.
In addition, it is advisable to collect samples for complete chemical analysis
from active wells at least once a year.

GEOCHEMICAL ANALYSES

In the Baltimore area the chloride content of uncontaminated ground water
probably ranges from about 1 to 15 parts per million; consequently, where the
original content is low and contamination is so slight that the resulting con-
tent is less than about 15 parts per million, it may not be possible to deter-
mine from a single chloride analysis whether the ground water is contaminated.
Geochemical studies of chemical analyses, however, reveal salt-water contami-
nation where the chloride content has been increased by only a few parts
per million.

Chemical analyses of water are generally expressed in parts per million
as in Tables 13 and 14. The expression in parts per million, however, shows
only the chemical composition of a water and not its chemical character, for
the physical weight of a radical does not indicate its chemical value in a
system of dissolved salts in water (Palmer, 1911, p. 7). In geochemical
studies the analysis is converted to a basis that shows the reaction capacity,
or reacting value of the ions or radicals. The reacting value of an ion may
be determined by dividing the content, expressed in parts per million, by the
equivalent combining weight of the ion; or by multiplying the amount in
parts per million by the reciprocal of the equivalent combining weight, called
the reaction coefficient.

The reaction coefficients of the radicals, most commonly present in ground
water in the Baltimore area, are (Piper, 1945, p. 915):
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TABLE 14
Chloride Content and pH of Water from Wells

Crystalline rocks

Well Date cl pH Well Date Ccl pH
1S3E-1 - 89 6.8 3SIM-2 Feb. 8, 1944 370 7.4
2S1E-78 May 29, 1944 1,638 7.6 | 3S1W-3 Sept. 29, 1942 | 1,430 8.4
2S3E-6 May 25, 1943 315 7.6 Do Feb. 8, 1944 1,730 7.5
2S3E-7 May 25, 1943 853 4.3 2NeE-1 18% 55.7 | -
253W-4 Sept. 16, 1943 51 6.+| Bal-Fc 1 Oct. 19, 1943 14 -
3S1W-2 Sept. 29, 1942 300 7.4| Har-Dc 1 Aug. 9, 1944 5 78s)

Patuxent férmation

Well Date a pil Well Date cli pl
1S3E-2 Oct. 2, 1942 53 4.7| 34E-2 Oct. 2,1942 36 5.0

Do Apr. 3, 1943 24 - Do May 10, 1943 70 5.5
1S3E-3 Oct. 2, 1942 s7 5.3 | 3SsE-1 Oct. 1, 1942 9 5.2
1S3E-4 Apr. 3, 1943 24 - Do 1943 6 5.3
1S3E-5 Oct. 7, 1942 29 5.1 Do May 4, 1943 8 -

Do Sept. 10, 1943 38 4.9| 3SsE-2 Oct. 1, 1942 3 5.4
1S3E-6 Oct. 7, 1942 9 5.2 Do May 4, 1943 6 -
1S3E-6 Sept. 21, 1943 13 5.3 Do Aug. 6, 1943 6 5.3
1S3E-7 Oct. 7, 1942 10 5.2 | 3SsE-8 Sept. 8, 1944 5 -

Do Sept. 21, 1943 10 5.2 Do Jan. 26, 1945 4 -
1M4E-1 Oct. 2, 1942 110 3.84 3S5E-10 May 11, 1943 6 6.5

Do Mar. 11, 1944 74 3.9 3SSE-11 Oct. 2, 1942 4 5.3

Do do 55 5.0 Do May 10, 1943 6 5.3
1S4E-2 Oct. 2, 1942 22 5.0 | 4SIE-1 Sept. 10, 1920 210 -

Do Apr. 1, 1943 25 - Do Sept. 11, 1920 121 -

Do Mar. 11, 1944 20 4.1 Do Sept. 14, 1920 % -

Do do 2 5.3 Do Nov. 1920 145 -
2S1E-1 July 1, 1943 2,230 6.1 Do Nov. 6, 1942 4 5.9

Do Apr. 5, 1944 3,200 - Do July 15, 1943 3 5.4
2S1E-2 July 1, 1943 1,245 5.9 Do Sept. 10, 1943 9 5.5

Do Apr. 5, 1944 1,140 - Do Jan, 8, 1944 10 -
2S1E-4 Sept. 21, 1943 | 5,354 6.+ Do Jan, 29, 1944 12 -
2SIE-5 Sept. 21, 1943 | 2,458 6.%( 4S2E-1 1931 3 o
2S1E- 16 Mar. 28, 1944 234 6.1 Do June 1940 159 -
2SE-1 July 2, 1943 4,350 6.9 Do Oct. 3, 1942 590 4.8
2S0E-2 - 520 - 1 4soE-2 1940 175 -
2S2E-3 - 82 - Do Jan, 1941 215 -
2S2E-4 S 290 s Do Sept. 2, 1941 319 -
2S2E-5 S 160 - Do July 15, 1943 710 4.9
2S3E-8 May 25, 1943 955 5.5 4S2E-3 1920 10 -
9S3E-9 = 200 - || 4S3E-1 1920 36.6 | -
2S3E-10 S 430 - Do 1940 13.5 | -
2S3E-11 - 1,268 - [ 4S3E-1 Nov. 6, 1942 8 5.7
9S3E-17 Mar. 2, 1941 312 5.2 Do July 23, 1943 18 5.3
2$4E-1 May 15, 1943 36 5.1 4S3E-2 Dec. 1920 2.7 -
9S4E-2 | Apr. 1, 1943 150 - 4S3E-3 Aug. 30, 1943 44 5%

Do Mar. 11, 1944 172 4.5 Do Oct. 15, 1945 40 -

Do | do 180 | 3.6 4S3E-¢ 1920 56 | -
3SIE-1 July 1, 1943 3,670 6.5, 4S3E-7 1920 23.7 | -

Do Feb. 5, 1945 2,490 - | 4S3E-8 1920 oy | S
3S1E-2 Apr. 5, 1944 956 - | ss2E-1 Nov. 6, 1942 4.5 | 5.5
3S3E-1 Sept. 30, 1942 - 5.2 Do July 31, 1943 7 33

Do May 4, 1943 135 - | 5S3E-1 Aug. 3, 1943 53 4.8

Do Apr. 5, 1944 700 - | 5S3E-12 Aug. 1939 9 5.0
34E-1 Oct. 1, 1942 2 5.4 SS3E-17 1920 1.2 | -

Do May 28, 1943 3 5.4 5S3E-21 Nov. 6, 1942 23 6.0
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Patuxent formation—Continued
Well Date Cl pH Well Date Cl pH
5S3E-21 Sept. 13, 1943 38 5.9 6S2E-2 Mar. 25, 1941 17 5.0
5S3E-22 May 14, 1903 0.8 - Do May 7, 1941 10 4.7
5S3E-36 Nov. 6, 1942 117 4.9 Do Oct. 29, 1941 S 4.6
Do Mar. 2, 1944 182 Sl Do Mar. 5, 1942 4 4.8
5S3E-37 Nov. 6, 1942 280 4.8 6S2E-3 Jan. 11, 1939 77 4.0
5S3E-38 Nov. 6, 1942 79 5.0 Do Mar. 21, 1939 100 4.2
Do Mar. 2, 1944 101 S Do July 11, 1939 100 4.3
5S3E-42 1920 6.9 o Do Oct. 31, 1939 9% 4.6
6S2E-1 June 18, 1942 4 4.9 Do Jan. 4, 1940 90 4.4
Do Nov. 5, 1942 4 4.6 Do May 1, 1940 90 4.5
Do Feb. 9, 1943 4 5.0 Do Aug. 3, 1940 84 4.0
Do May 29, 1943 8 5.2 Do Jan. 8, 1941 76 4.2
Do Aug. 13, 1943 4 il Do Apr. 1, 1941 84 4.3
Do Aug. 19, 1943 S 4.8 Do May 19, 1941 79 4.4
Do Sept. 2, 1943 6 STl Do Oct. 2, 1941 73 4.2
Do Sept. 10, 1943 S S Do Feb. 25, 1942 49 4.0
Do Oct. 8, 1943 4 4.9 Do Mar. 5, 1942 65 4.0
Do Nov. 5, 1943 3 5.0 Do July 21, 1942 56 4.3
Do Dec. 10, 1943 8 582 Do Dec. 9, 1942 50 4.0
Do Jan. §, 1944 2 S Do Mar. 4, 1943 10 4.2
Do Jan. 22, 1944 4 5.1 Do Mar. 11, 1943 43 4.4
Do Jan. 29, 1944 2 - Do May 29, 1943 40 4.8
Do Feb. 19, 1944 4 - Do Oct. 12, 1944 31 =
Do Mar. 4, 1944 5 Bod) Do Oct. 19, 1944 35 =
Do Mar. 11, 1944 4 o Do Oct. 26, 1944 23 5.1
Do Mar. 18, 1944 4 o Do Nov. 2, 1944 28 o
Do Apr. 8, 1944 S - Do Nov. 9, 1944 26 =
Do Apr. 22, 1944 8 o Do Nov. 16, 1944 26 o
Do May 13, 1944 S - Do Nov. 30, 1944 26 -
Do May 20, 1944 3 o Do Dec. 22, 1944 25
Do May 27, 1944 4 - Do Dec. 29, 1944 26 o
Do June 3, 1944 3 © 6S2E-4 June 22, 1939 4 6.0
Do June 10, 1944 5 = Do July 31, 1939 6 5.0
Do June 17, 1944 3 - Do Aug. 29, 1939 13 5.5
Do June 23, 1944 4 - Do Jan. 4, 1940 19 5.0
Do July 3, 1944 6 o Do Apr. 2, 1940 26 4.7
Do July 14, 1944 5 - Do July 9, 1940 40 4.6
Do July 21, 1944 4 - Do Oct. 2, 1940 59 4.5
Do July 28, 1944 4 - Do Jan. 8, 1941 76 4.3
Do Ang. 4, 1944 4 = Do May 7, 1941 68 4.5
Do Aug. 11, 1944 4 - Do Sept. 11, 1941 62 4.8
Do Aug. 18, 1944 3 = Do Jan. 14, 1942 57 4.3
Do Aug. 25, 1944 3 - Do June 2, 1942 48 4.2
Do Sept. 8, 1944 8 o Do Oct. 8, 1942 39 4.5
Do Oct. 5, 1944 3 o Do Jan. 21, 1943 22 4.1
Do Oct. 19, 1944 3 o Do Mar. 19, 1943 42 Sail
Do Oct. 26, 1944 3 - Do May 29, 1943 39 5!
Do Nov. 2, 1944 3 = Do Aug. 13, 1943 46 4.9
Do Nov. 9, 1944 2 o Do Aug. 19, 1943 46 4.8
Do Nov. 16, 1944 8 - Do Aug. 26, 1943 44 4.7
Do Nov. 30, 1944 2 - Do Sept. 2, 1943 23 4.9
Do Dec. 22, 1944 2 - Do Sept. 10, 1943 45 4.9
Do Dec. 29, 1944 2 o Do Oct. 8, 1943 43 4.8
6S2E-2 Jan. 9, 1939 3 5.6 Do Nov. 5, 1943 44 4.8
Do July 11, 1939 3 513, Do Dec. 10, 1943 44 5.0
Do Dec. 5, 1939 3 593 Do Oct. 5, 1944 8 -
Do Aug. 13, 1940 4 4.8 Do Oct. 12, 1944 7 o
Do Nov. 13, 1940 8 4.9 Do Oct. 19, 1944 12 =
Do Mar. 12, 1941 26 4.7 Do Oct. 26, 1944 13 6.0
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Well Date Cl pH Well Date Cl pH
6S2E-4 Nov. 2, 1944 1S = 6S2E-9 May 7, 1941 435 4.1
Do Nov. 9, 194 14 - Do July 16, 1941 395 4.2
Do Nov. 16, 1944 18 = Do Oct. 2, 1941 445 4.0
Do Nov. 23, 1944 20 o Do Nov. 19, 1941 500 4.1
Do Nov. 30, 1944 22 ° Do Jan. 21, 1942 400 4.2
Do Dec. 22, 1944 24 o Do Apr. 22, 1942 390 3.8
Do Dec. 29, 1944 25 - Do July 1, 1942 340 4.3
6S2E-5 Jan. 11, 1939 57 4.1 Do Oct. 8, 1942 395 4.1
Do May 2, 1939 62 4.6 Do Dec. 9, 1942 420 4.2
Do July 11, 1939 65 4.5 Do Feb. 9, 1943 180 4.1
Do Aug. 9, 1939 155 3o6) Do Apr. 8, 1943 60 5.7
Do Aug. 16, 1939 75 4.3 Do May 29, 1943 358 4.5
Do Oct. 10, 1939 60 4.6 Do Aug. 13, 1943 400 4.2
Do Jan. 4, 1940 63 4.4 Do Aug. 19, 1943 393 4.2
Do Mar. 6, 1940 78 4.2 Do Aug. 26, 1943 400 4.2
Do Apr. 16, 1940 90 4.6 Do Sept. 2. 1943 396 4.2
Do July 30, 1940 119 4.5 Do Sept. 10, 1943 390 4.3
Do Sept. 11, 1940 126 4.3 Do Oct. 8, 1943 365 4.2
6S2E-7 Jan. 11, 1939 92 4.1 Do Nov. 5, 1943 365 4.3
Do Mar. 2, 1939 110 4.3 Do Dec. 10, 1943 380 4.2
Do Apr. 4, 1939 80 4.2 Do Jan. 5, 1944 379 o
Do June 20, 1939 75 4.1 Do Jan. 22, 1944 372 4.2
Do Sept. 12, 1939 75 4.3 Do Jan. 29, 1944 364 -
Do Nov. 21, 1939 77 4.3 Do Feb. 19, 1944 352 -
Do Jan. 31, 1940 80 4.2 Do Mar. 4, 1944 366 4.7
Do Apr. 2, 1940 74 4.4 Do Mar. 11, 1944 362 o
Do Aug. 13, 1940 70 | 4.1 Do Mar. 18, 1944 340 -
Do Dec. 5, 1940 66 4.4 Do Apr. 8, 1944 346 o
Do May 7, 1941 51 4.2 Do Apr. 22, 1944 342 o
Do Oct. 2, 1941 41 4.3 Do May 13, 1944 345 o
Do Feb. 25, 1942 26 4.0 Do May 20, 1944 346 =
Do Sept. 16, 1942 18 4.5 Do May 27, 1944 345 o
Do Jan. 8, 1943 19 4.5 Do June 3, 1944 360 o
Do May 29, 1943 28 5.1 Do June 10, 1944 350 -
Do Aug, 19, 1943 6 5.2 Do June 17, 1944 344 -
Do Aug. 26, 1943 14 Bod) Do June 23, 1944 342 -
Do Sept. 2, 1943 18 5.1 Do July 3, 1944 344 o
Do Sept. 10, 1943 17 Bl Do July 7, 1944 342 o
Do Oct. 8, 1943 19 4.9 Do July 14, 1944 320 o
Do Nov. 5, 1943 15 4.9 Do July 21, 1944 316 °
Do Dec. 10, 1943 14 5.1 Do July 28, 1944 320 o
Do Jan. 8, 1944 10 - Do Aug. 4, 1944 321 -
Do Jan. 22, 1944 11 5.3 Do Aug. 11, 1944 318 4.4
Do Jan. 29, 194 3 = Do Aug. 18, 1944 313 -
Do July 7, 1944 6 o Do Aug. 25, 1944 310 4.2
Do Aug. 25, 1944 8 SH2 Do Sept. 8, 1944 310 -
Do Sept. 8, 1944 12 - Do Sept. 15, 1944 296 -
Do Oct. 5, 1944 16 - Do Oct. 12, 1944 311 -
Do Oct. 12, 1944 12 - Do Oct. 19, 1944 308 o
Do Oct. 19, 1944 12 = Do Nov. 2, 1944 308 -
Do Oct. 26, 1944 10 5.3 Do Nov. 9, 1944 287 o
Do Nov. 2, 1944 8 - Do Nov. 30, 1944 285 o
Do Nov. 9, 194 6 = Do Dec. 29, 1944 280 -
Do Nov. 16, 1944 4 = 6S2E-11 May 1935 12 -
Do Nov. 30, 1944 7 o Do Oct. 1935 174 o
Do Dec. 22, 1944 6 < 6S2E-13 May 1935 19 -
Do Dec. 29, 1944 6 o Do Oct. 1935 69 a
6S2E-9 Oct. 18, 1940 460 4.0 8 6S2E-29 Aug. 27, 1943 107 5.1
Do Mar. 4, 1941 485 4.3 6S2E-30 Nov. 13, 1942 100 4.8
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Well Date Cl pH Well Date Ccl pH
6S2E-31 Aug. 27, 1943 4 4.7 | Bal-Gf 3 Nov. 15, 1943 25 -
6S2E-32 Nov. 13, 1942 253 4.1 Do Nov. 19, 1943 28 -
Do Aug. 27, 1943 350 4.1 Do Dec. 9, 1943 30 -
6S2E-37 1920 6.9 | - Do Dec. 17, 1943 30 -
6S2E-38 1920 153.3 | - | Bal-Gf 4 Apr. 26, 1941 9 -
6S3E-1 May 28, 1942 121 - Do Sept. 24, 1941 18 -
Do do 312 - Do Oct. 1, 1941 18 -
Do Aug. 3, 1942 151 - Do June 1, 1942 8 -
Do Aug. 7, 1942 250 - Do Nov. 1, 1942 11 -
Do Aug. 13, 1943 268 5.1 Do May 10, 1943 10 6.5
Do do 197 5.7 || Bal-Gf 5 Aug. 19, 1940 31 -
6S3E-6 Nov. 13, 1942 77 5.7 Do Apr. 27, 1941 33 -
6S3E-7 May 28, 1942 4 - Do Sept. 24, 1941 29 -
Do do 9 - Do Mar. 18, 1943 70 -
Do Nov. 13, 1942 2 6.0 Do do 1,300 -
Do Aug. 13, 1943 4 6.5 Do June 29, 1943 27 -
6S3E-8 May 28, 1942 31 - Do Oct. 15, 1943 40 -
Do do 142 - Do Oct. 22, 1943 40 -
Do Aug. 3, 1942 64 - Do Oct. 29, 1943 40 -
Do Aug. 7, 1942 64 s Do Nov. 13, 1943 40 -
Do Nov. 13, 1942 60 4.2 Do Nov. 15, 1943 45 -
Do Aug. 13, 1943 92 5.5 Do Dec. 9, 1943 40 -
7S3E-1 1920 7,53 || o Do Dec. 17, 1943 40 =
Do g. 13, 1943 5 4.7 || Bal-Gf 6 Mar. 9, 1936 14 6.6
7S3E-4 Apr 1919 6 - Do Dec. 2, 1940 8 6.3
3S1W-6 Sept. 9, 1944 12 - Do Jan. 14, 1941 9.5 | -
AA-Ad 7 Aug. 2, 1943 4 5.0 Do Feb. 1941 50 -
Do Aug. 19, 1943 4 5.0 Do do 61 -
AA-Ad 8 1920 5.8 1 - Do Apr. 27, 1941 47.5 | -
AA-Ae 1 Aug. 24, 1943 5 5.3 Do Sept. 24, 1941 34 -
Bal-Fe 1 Oct. 7, 1942 6 5.2 Do Oct. 1, 1941 16 -
Bal-Fe 2 May 3, 1943 10 s Do June 1. 1942 10 -
Bal-Fe 4 May 3, 1943 B - Do do 46 -
Bal-Fe 11 | Oct. 7, 1942 6 5.0 Do Nov. 1, 1942 133 -
Bal-Fe 15 Feb. 26, 1941 o o Do May 10, 1943 142 5.9
Bal-Fe 17 | May 4, 1943 6 - || Bal-Gf 8 Apr. 27, 1941 9.5 | -
Bal-Gec 3 Aug. 10, 1944 10 5.4 Do Sept. 24, 1941 12 S
Bal-Ge 2 June 30, 1943 20 6.1 Do June 1, 1942 11 =
Bal-Gf 3 Nov. 23, 1940 23 6.3 Do Nov. 1, 1942 13 -
Do Apr. 26, 1941 15 5 Do Apr. 9, 1943 14 S
Do Apr. 27, 1941 25 = Do May 10, 1943 30 5.9
Do Sept. 24, 1941 30 - Do June 15, 1943 20 -
Do Oct. 1, 1941 30 - Do June 29, 1943 25 -
Do June 1, 1942 28 - Do July 5, 1943 25 -
Do Nov. 1, 1942 41.5 | - Do July 12, 1943 25 -
Do June 15, 1943 25 - Do July 20, 1943 25 -
Do June 29, 1943 30 - Do July 26, 1943 20 5.9
Do July 5, 1943 30 - Do Aug. 4, 1943 20 5.9
Do July 12, 1943 30 - Do Aug. 10, 1943 22 6.0
Do July 20, 1943 25 - Do Aug. 17, 1943 25 -
Do July 26, 1943 30 - Do Aug. 18, 1943 21 5.9
Do Aug. 17, 1943 35 - Do Aug. 24, 1943 2 5.9
Do Mg, 24, 1943 30 = Do Aug. 30, 1943 25 -
Do Aug. 30, 1943 25 - Do Sept. 1, 1943 19 6.0
Do Sept. 7, 1943 30 - Do Sept. 7, 1943 25 -
Do Oct. 15, 1943 35 - Do Sept. 8, 1943 19 5.9
Do Oct. 22, 1943 35 - Do Oct. 7, 1943 13 5.9
Do Oct. 29, 1943 40 - Do Oct. 15, 1943 20 -
Do Nov. 13, 1943 25 - Do Oct. 22, 1943 20 -
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TABLE (4—Continued

Patuxent formation—Continued

Well Date Cl pH Well Date cl pH
Bal-Gf 8 Oct. 29, 1943 15 - || Bal-Gf 11 | July 5, 1943 30 -
Do Nov. 4, 1943 13 6.2 Do July 12, 1943 25 -
Do Nov. 15, 1943 15 - Do July 20, 1943 30 -
Do Dec. 9, 1943 14 5.9 Do July 26, 1943 25 =
Do Dec. 17, 1943 15 - Do Aug. 17, 1943 30 -
Do Jan. 8, 1944 14 - Do Aug. 24, 1943 2 -
Do Feb. 5, 1944 18 - Do Aug. 30, 1943 25 -
Do Mar. 11, 1944 18 - Do Sept. 7, 1943 20 -
Do Apr. 15, 1944 19 - Do Oct. 15, 1943 30 -
Do May 9, 1944 18 6.0 Do Oct. 22, 1943 45 -
Do June 13, 1944 20 6.2 Do Oct. 29, 1943 45 -
Do July 3, 1944 18 6.1 Do Nov. 13, 1943 35 -
Bal-Gf 9 Aug. 19, 1940 9 - Do Nov. 15, 1943 40 -
Do Nov. 23, 1940 10 6.0 Do Nov. 20, 1943 17 =
Do Apr. 27, 1941 12 = Do do 33 -
Do Sept. 24, 1941 20 - Do Dec. 9, 1943 30 -
Do Oct. 1, 1941 20 - Do Dec. 17, 1943 30 -
Do June 1942 14 - Bal-Gf 12 May 12, 1943 - 55 5.9
Do Nov. 1, 1942 13.5 | - Do May 14, 1943 9 5.9
Do Apr. 9, 1943 8 - || Bal-Gf 16 | May 12, 1943 12 6.1
Do May 10, 1943 10 5.9 Do May 14, 1943 10 5.9
Do June 15, 1943 10 - Bal-Gf 32 Sept. 15, 1937 - 6.3
Do July 5, 1943 10 - Do Nov. 27, 1940 11.5 |6.0
Do July 12, 1943 10 - Do Apr. 27, 1941 9 =
Do July 20, 1943 1c - Do Oct. 1, 1941 10 -
Do July 26, 1943 10 - Do May 1, 1942 12 -
Do Aug. 4, 1943 10 5.5 Do Nov. 1, 1942 12 -
Do Aug. 11, 1943 10 5.9 Do Mar. 11, 1943 15 -
Do Aug. 17, 1943 15 - Do do 63 -
Do Aug. 18, 1943 11 6.9 Do Mar. 14, 1943 16 -
Do Aug. 24, 1943 10 5.9 Do May 11, 1943 15 6.1
Do Aug. 30, 1943 10 - Do July 26, 1943 17 6.3
Do Sept. 1, 1943 10 6.1 Do Aug. 4, 1943 16 5.7
Do Sept. 7 1943 15 - Do Aug. 18, 1943 13 5.7
Do Sept. 8, 1943 9 5.4 Do Aug. 24, 1943 13 5.7
Do Oct. 7, 1943 10 5.5 Do Sept. 1, 1943 13 5.8
Do Oct. 15 1943 15 - Do Sept. 7, 1943 14 6.1
Do Oct. 22, 1943 15 - Do Oct. 8, 1943 10 6.0
Do Oct. 29, 1943 20 o Do Nov. 3, 1943 11 6.0
Do Nov. 4, 1943 9 6.0 Do Dec. 10, 1943 12 5.9
Do Nov. 13, 1943 10 - Do Jan. 8, 1944 11 -
Do Nov. 15, 1943 15 - Do Mar. 11, 1944 11
Do Dec. 9, 1943 8 5.8 | Bal-Gf 35 | Dec. 15, 1937 - 6.3
Do Dec. 17, 1943 15 - Do Apr. 27, 1941 12 -
Do Jan. 8, 1944 8 o Do Oct. 1, 1941 10 -
Do Feb. 5, 1944 8 - Do May 1, 1942 14 -
Do Mar. 11, 1944 10 - Do May 11, 1943 15 6.2
Do Apr. 15, 194 11 - Do July 16, 1943 15 6.1
Do Apr. 27, 1944 12 - Do July 26, 1943 17 6.1
Do May 9, 1944 9 5.9 Do Aug. 4, 1943 17 6.0
Do June 13, 1944 10 5.7 Do Aug. 11, 1943 14 5.9
Do July 13, 1944 6 5.9 Do Aug. 18, 1943 13 6.0
Bal-Gf 11 | Sept. 24, 1941 24 - Do Aug. 24, 1943 11 6.0
Do Oct. 1, 1941 2 o Do Sept. 1, 1943 12 5.9
Do June 1, 1942 2 - Do Sept. 7, 1943 12 6.1
Do Nov. 1, 1942 28 - Do Apr. 15, 1944 10 -
Do May 10, 1943 21 5.9 | Bal-Gf 36 | Dec. 1937 11 6.0
Do June 15, 1943 25 - Do Oct. 27, 1940 - 6.1
Do June 29, 1943 25 o Do Apr. 27, 1941 10 -
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Bal-Gf 36 | Oct. 1, 1941 12 - || Bal-Gf 93 | Mar. 16, 1944 46 -
Do May 1, 1942 12 - Do Mar. 17, 1944 50 -
Do Jan. 1943 26 - Do Mar. 20, 1944 200 -
Do May 11, 1943 50 5.9 Do Mar. 21, 1944 200 -
Do Oct. 5, 1943 14 6.0 Do Mar. 27, 1944 175 -
Do Oct. 8, 1943 10 6.0 Do Mar. 28, 1944 170 -
Do Dec. 10, 1943 10 6.0 Do Mar. 31, 1944 175 -
Bal-Gf 47 | Mar. 9, 1936 10.5 | 6.8 Do May 9, 1944 115 6.1
Do Feb. 27, 1941 7 - Do May 24, 1944 42.2 | -
Do Sept. 1, 1941 24 - Do May 31, 1944 46 -
Do June 1, 1942 % - Do June 7, 1944 95 -
Do Jan. 1943 8 - Do July 12, 1944 49 -
Bal-Gf 48 | Mar. 9, 1936 8.7 | 6.6 Do July 13, 1944 56 -
Do Dec. 2, 1940 6.0 | 6.7 Do Sept. 1, 1944 1.5 | -
Do Feb. 27, 1941 7 - || Bal-Gf 95 | Oct. 20, 1940 6.5 |6.7
Do Sept. 1, 1941 20 - Do Oct. 1, 1941 9 -
Do June 1, 1942 63 - Do June 1, 1942 10 -
Do Jan, 1943 23 - Do May 20, 1943 9 -
Bal-Gf 49 | Dec. 2, 1940 7.5 | 6.3 || Bal-Gf 105 | Nov. 28, 1935 14 -
Do Feb. 27, 1941 il - Do Nov. 20, 1940 6.5 [6.1
Bal-Gf 51 | Mar. 9, 1936 10.5 | 6.6 Do Oct. 1, 1941 %5 || =
Do Feb. 27, 1941 6.5 | - Do Apr. 1942 GRONNINE
Do Sept. 1, 1941 38 - Do May 20, 1943 6.5 |5.4
Do June 1, 1942 71 - Do July 26, 1943 8 5.7
Bal-Gf 52 | Mar. 9, 1936 14 6.6 Do Aug. 11, 1943 7 5.9
Do Dec. 2, 1940 8.5 | 6.3 Do Aug. 13, 1943 9 -
Do Feb. 27, 1941 9.5 | - Do Aug. 18, 1943 7 5.5
Do Sept. 1, 1941 17 - Do Aug. 24, 1943 6 5.9
Do June 1, 1942 12 - Do Sept. 1, 1943 6 5.9
Do Feb. 3, 1944 16 - Do Sept. 7, 1943 7 6.3
Bal-Gf 53 | Sept. 1941 41 S Do Oct. 7, 1943 6 5.7
Do Jan. 1943 8 - Do Nov. 3, 1943 6 6.0
Bal-Gf 782 | Apr. 28, 1938 8.5 | - Do Dec. 9, 1943 7 6.0
Do Nov. 20, 1940 7.5 | 6.3 Do Jan. 8, 1944 6 -
Do Oct. 1, 1941 14 - Do Feb. 5, 1944 8 -
Do May 20, 1943 9 5.4 Do May 9, 1944 6 6.0
Do Aug. 4, 1943 11 6.0 Do June 13, 1944 6 6.0
Do Sept. 7, 1943 9 6.3 Do July 13, 1944 6 6.1
Do Oct. 7, 1943 8 5.9 [ Bal-Gf 136 | Jan. 20, 1931 28.2 | -
Do Nov. 4, 1943 8 6.1 Do Apr. 8, 1931 12.3 -
Do Dec. 9, 1943 8 5.7 Do June 15, 1931 10.6 | -
Do Jan. 8, 1944 8 - Do Oct. 14, 1931 w2 | e
Do Feb. 5, 1944 8 - Do May 31, 1937 106 -
Bal-Gf 93 | Nov. 28, 1935 17.7 | - Do June 28, 1937 14.1 | -
Do Nov. 20, 1940 6.5 | - Do May 19, 1938 1.1 | -
Do Oct. 1, 1941 20 - Do July 28, 1938 7.2 -
Do June 1, 1942 6.5 | - Do Aug. 6, 1938 14.1 | -
Do May 20, 1943 1.5 | 5.3 Do Sept. 30, 1938 3.5 | -
Do Nov. 24, 1943 126 - Do Oct. 10, 1938 7.2 | -
Do Nov. 25, 1943 67 o Do Apr. 17, 1939 7.2 | -
Do Dec. 9, 1943 38 6.0 Do Apr. 21, 1939 10.6 | -
Do Dec. 21, 1943 40 - Do May 15, 1939 0.6 | -
Do Mar. 6, 1944 1,625 - Do June 22, 1939 4.2 | -
Do do 60 S Do July 10, 1939 10.6 | -
Do Mar. 10, 1944 30 - Do Aug. 4, 1939 4.2 | -
Do Mar. 12, 1944 50 - Do Aug. 17, 1939 7.2 | -
Do Mar. 13, 1944 44 - Do Sept. 18, 1939 10.6 -
Do Mar. 14, 1944 46 - Do Nov. 13, 1939 10.6 | -
Do Mar. 15, 1944 46 - Do Dec. 28, 1939 10.6 | -
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Well Date Cl pH Well Date Cl pH
Bal-Gf 136 | Feb. 5, 1940 10.6 - Bal-Gf 139 | Feb. 12, 1940 10.6 =
Do Mar. 11, 1940 T2 - Do Mar. 14, 1940 Sl -
Do Apr. 15, 1940 14,2 - Do Apr. 4, 1940 14.1 -
Do May 13, 1940 10.6 - Do May 16, 1940 7.1 -
Do June 27, 1940 10.6 - Do June 25, 1940 10.6 -
Do Aug. 8, 1940 10.6 - Do Aug. 15, 1940 10.6 -
Do Sept. 5, 1940 7.2 - Do Sept. 19, 1940 10.6 -
Do Sept. 26, 1940 10.6 - Do Oct. 17, 1940 7.1 =
Do Oct. 17, 1940 14.2 - Do Dec. 2, 1940 10.6 -
Do Dec. 2, 1940 10.6 - Do June 15, 1943 12 -
Bal-Gf 139 | Mar. 6, 1939 10.6 = Do June 16, 1943 ) =
Do Mar. 16, 1939 14.1 = Do June 17, 1943 17 -
Do Mar. 30, 1939 8.9 - Do June 18, 1943 20 -
Do Apr. 10, 1939 7.1 - Do June 20, 1943 8 =
Do Apr. 18, 1939 10-6 - Do June 28, 1943 9 -
Do Apr. 27, 1939 (15) = Do June 30, 1943 4.5 =
Do May 18, 1939 10.6 - Do July 4, 1943 8.5 =
Do June 22, 1939 14.1 - Do July 8, 1943 9 -
Do July 31, 1939 10.6 - Do July 12, 1943 10 o
Do Aug. 29, 1939 10.6 - Do Aug. 12, 1943 8 =
Do Sept. 28, 1939 10.6 - Do Aug. 13, 1943 5 =
Do Oct. 16, 1939 8.9 = Do Aug. 15, 1943 10 =
Do Nov. 17, 1939 10.6 - Do Dec. 9, 1943 7 6.0
Do Dec. 25, 1939 10.6 - Do Feb. 4, 1944 8 o
Do Jan. 8, 1940 12.4 - || Har-Ed 152 | Apr. 13, 1944 - 5.3
Patapsco formation
Well Date cl pH Well Date a pH
2S4E-3 July 21, 1943 19 5.7 || 652E-10 Jan. 15, 1944 62 -
3SSE-6 Feb. 15, 1945 124 - Do Jan. 22, 1944 56 599
Do Mar. 19, 1945 96 - Do Jan. 29, 1944 50 o
3SsE-T Jan. 26, 1945 74 = Do Feb. 19, 1944 70 =
Do Feb. 15, 1945 50 - Do Mar. 4, 1944 62 5.3
Do Mar. 19, 1945 64 - Do Mar. 11, 1944 64 -
3S5E-9 Feb. 15, 1945 132 = Do Mar. 18, 1944 62 -
Do Mar. 26, 1945 24 - Do Apr. 8, 1944 68 -
Do Apr. 27, 1945 91 - Do Apr. 22, 1944 68 =
3S5E-19 July 29, 1914 83.4 - Do May 13, 1944 72 =
6S2E-10 Sept. 14, 1932 30 4.6 Do May 20, 1944 71 =
Do Jan. 9, 1939 234 3.8 Do May 27, 1944 73 -
Do Mar. 14, 1939 270 3.8 Do June 3, 1944 70 -
Do May 2, 1939 240 3.9 Do June 17, 1944 70 -
Do July 11, 1939 230 3.6 Do June 23, 1944 70 -
Do May 7, 1941 163 4.3 Do July 3, 1944 72 =
Do May 19, 1941 23 4.4 Do July 7, 1944 72 5
Do July 2, 1941 20 4.7 Do July 21, 1944 62 -
Do Aug. 8, 1941 30 4.6 Do Mg, 11, 1944 50 5.5
Do Oct. 2, 1941 37 4.1 Do Aug. 18, 1944 59 =
Do Dec. 10, 1941 30 4.4 Do Aug. 25, 1944 64 552
Do Mar. 5, 1942 32 4.4 Do Sept. 8, 1944 66 -
Do June 18, 1942 31 4.7 Do Sept. 9, 1944 43 5.1
Do Aug. 26, 1942 41 4.5 Do do 92 3.8
Do Sept. 14, 1942 30 4.6 Do Sept. 15, 1944 67 =
Do May 29, 1943 31 4.9 Do Nov. 30, 1944 32 =
Do Nov. 5, 1943 54 5.0 Do Dec. 22, 1944 34 -
Do Dec. 10, 1943 57 5.1 Do Dec. 29, 1944 44 -
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Well Date cl pH Well Date Cl pH
6S4E-1 Feb, 1941 10 - || Bal-Gf 29 | Mar. 11, 1944 535 -
Do Sept, 14, 1943 948 4.2 Do Mar. 23, 1944 500 o
7S3E-2 Aug. 13, 1943 8 5.5 Do Mar. 31, 1944 485 -
A-Ad 1 June 21, 1943 4 5.2 Do Apr. 9, 1944 463 -
AA-Ad 2 June 21, 1943 4 5.1 Do Apr. 14, 1944 455 .-
A-Ad 3 June 21, 1943 8 5.1 || Bal-Gf 30 | Dec. 15, 1937 = 6.1
AA-Ad 4 Mar. 21, 1919 3 - Do Jan. 6, 1938 4.0 | -
Do Aug. 2, 1943 7 5.7 Do Nov. 27, 1940 8 | s
Do Mg, 19, 1943 8 5.5 Do Apr. 26, 1941 9 s
M-Ad 5 Aug. 2, 1943 bi{ 5.9 Do Oct. 1, 1941 12 S
AM-Ad 6 Aug. 2, 1943 9 5,5 Do May 1, 1942 12 -
Do Aug. 19, 1943 8 5.7 Do Nov. 1, 1942 10 -
AA-Ad 9 1920 4.7 [ - Do May 11, 1943 2 5.7
AA-Ad 10 1920 5.4 | - Do May 9, 1944 18 5.7
AA-Ae 2 Aug. 26, 1943 18 5.5 Do June 13, 1944 14 5.6
M-Ae 3 Aug. 26, 1943 21 6.1 || Bal-Gf 31 | Dec. 15, 1937 - 6.2
M-Ae 8 Sept. 23, 1943 10 4.7 Do Apr. 27, 1941 6 -
M-Ae 9 Sept. 24, 1943 10 4.7 Do Oct. 1, 1941 8 S
AM-Bf 1 Aug. 3, 1943 5 5.9 Do May 1, 1942 10 -
M-Bf 2 Aug. 3, 1943 4 Bo%) Do Nov. 1, 1942 8 S
AA-Bf 4 Aug. 3, 1943 6 5.2 Do May 11, 1943 12 6.3
Bal-Fe 28 | Aug. 11, 1914 9.6 | - Do July 16, 1943 38 5.9
Bal-Gf 1 Feb. 1941 17 s Do July 26, 1943 7 5.9
Do do 28 - Do Apr. 15, 194 12 -
Do Mr. 27, 1941 15 Do Apr. 19, 1944 32 -
Do Sept. 24, 1941 50 - Bal-Gf 33 | June 14, 1937 %17 -
Do Oct. 1, 1941 50 - Do Dec. 15, 1937 - 5.7
Bal-Gf 14 May 12, 1943 250 5.9 Do Mar. 7, 1941 35 -
Do May 14, 1943 241 3.0 Do do 7 .
Bal-Gf 18 | May 12, 1943 252 6.7 Do Apr. 27, 1941 80 =
Do May 14, 1943 276 = Do Oct. 1, 1941 40 -
Do do 266 = Do May 1, 1942 22 -
Do do 254 S Do Nov. 1, 1942 95 s
Bal-Gf 21 | May 25, 1944 1,475 o Do May 11, 1943 172 5.9,
Bal-Gf 28 | Sept. 28, 1936 30 - || Bal-Gf 34 | Dec. 15, 1937 - 6.1
Do Dec. 3, 1940 710 6.1 Do May 1, 1940 65 -
Do May 2, 1940 540 o Do Nov. 27, 1940 - 5.5
Do Mar. 6, 1941 375 - Do Mar. 6, 1941 18 o
Do do 1,070 - Do do 78 -
Do Feb. 1941 595 s Do MApr. 27, 1941 70 -
Do do 640 - Do Oct. 1, 1941 40 -
Do for. 8, 1941 380 S Do May 1, 1942 52 -
Do do 1,070 o Do Nov. 1, 1942 74 S
Do Oct. 1, 1941 525 - Do May 11, 1943 128 5.9
Do Feb. 3, 1944 320 s Do Feb. 3, 1944 50 -
Do Feb. 4, 1944 362 - Do do 110 1
Do Feb. 5, 1944 380 - |[ Bal-Gf 37 | Dec. 15, 1937 S 6.2
Bal-Gf 29 | May 2, 1938 - 5.5 Do Nov. 27, 1940 o 5.3
Do Oct. 13, 1938 120 5.6 Do for. 27, 1941 12 -
Do May 9, 1940 325 5.8 Do Oct. 1, 1941 15 s
Do Dec. 3, 1940 398 . Do May 1, 1942 2 -
Do Mar. 3, 1941 340 . Do May 11, 1943 2 5.3
Do do 400 o Do July 30, 1943 % 5.3
Do Mar. 5, 1941 200 - Do Sept. 7, 1943 25 5.5
Do do 403 - Do Feb. 3, 1944 22 -
Do Oct. 1, 1941 372 - || Bal-Gf 38 | Dec. 15, 1937 = 5.4
Do Feb, 3, 1944 595 - Do Mar. 5, 1941 54 =
Do Feb, 5, 1944 560 = Do do 174 -
Do Feb. 26, 1944 550 s Do Mar. 24, 1941 50 5




TABLE 14-—Conttinued

MINERAL CONTAMINATION OF THE GROUND WATER
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Date Cl Well Date Cl
Mar. 24, 1941 220 Bal-Gf 108 | Sept. 1, 1943 6 5.7
Do Apr. 7, 1941 45 Do Sept. 7, 1943 6 6.5
Do do 110 Do Oct. 7, 1943 6 5.7
Do Oct. 1, 1941 220 Do Nov. 4, 1943 4 6.5
Do May 1, 1942 190 Do July 13, 1944 9 6.3
Do May 11, 1943 206 Bal-Gf 109 | Oct. 27, 1920 602 -
Do May 9, 1944 218 Do Oct. 28, 1920 565 -
Bal-Gf 46 Mar. 9, 1936 8.7 Bal-Gf 110 | Oct. 27, 1920 424 -
Do Feb. 27, 1941 7.5 Do Oct. 28, 1920 408 -
Do Sept. 1, 1941 70 Bal-Gf 111 | Oct. 27, 1920 152 -
Do June 1, 1942 69 Do Oct. 28, 1920 156 s
Do Jan. 1943 58 Bal-Gf 112 | Oct. 28, 1920 99. -
Bal-Gf 50 | Mar. 9, 1936 152 Bal Gf 113 | Oct. 27, 1920 262 =
Do Dec. 2, 1940 55 Do Oct. 28, 1920 269 c
Do Feb. 26, 1941 64 Do Jan. 20, 1931 101 -
Do Mar. 5, 1941 26 Do Mar. 31, 1931 101 -
Do do 68 Do Apr. 5, 1931 290 -
Do Sept. 1, 1941 15 - Do Apr. 11, 1931 603
Do June 1, 1942 8 - Do Apr. 14, 1931 510
Do Jan. 1943 10 - Do Apr. 26, 1931 645
Do Mar. 1943 68 - Do May 4, 1931 616
Bal-Gf 79 Mar. 5, 1926 82 - Do May 13, 1931 566
Do Apr. 26, 1941 29 - Do May 17, 1931 538
Do Sept. 27, 1941 20 - Do May 27, 1931 516
Do May 20, 1943 23 - Do June 2, 1931 525
Bal-Gf 80 Mar. 5, 1926 41. - Do June 10, 1931 487
Do Apr. 26, 1941 2. - Bal-Gf 114 | Oct. 7, 1915 187
Do Sept. 7, 1941 25 - Do Oct. 27, 1920 212
Do June 1, 1942 30 - Do Oct. 28, 1920 211
Do Oct. 8, 1942 30 - Do Jan. 20, 1931 1,063
Do May 20, 1943 14 - Do Mar. 31, 1931 1,063
1924 7 - Do Apr. 5, 1931 503
1924 7 - Do Apr. 11, 1931 575
Sept. 1941 15 - Do Apr. 14, 1931 460
Nov. 20, 1940 14 Do Apr. 26, 1931 390
Oct. 1, 1941 20 Do May 5, 1931 390
May 20, 1943 21 Do May 13, 1931 419
Nov. 28, 1935 10. Do May 17, 1931 448
Do Dec. 16, 1940 14 Do May 27, 1931 319
Do Oct. 1, 1941 200 Do June 2, 1931 440
Do do 15 Bal-Gf 115 | Oct. 7, 1915 16
Do Feb. 1942 10.5 Bal-Gf 116 | Oct. 7, 1915 41
Do June 1, 1942 195 Do Oct. 27, 1920 905
Bal-Gf 107 | Oct. 1, 1941 14 Do Oct. 28, 1920 905
Do June 1, 1942 8 Do Jan. 1, 1931 215
Do Nov. 1, 1942 15 Do Mar. 31, 1931 215
Do May 27, 1943 9 6.6 Do Apr. 5, 1931 1,180
Do July 26, 1943 8 5.7 Do Apr. 14, 1931 1,130
Do Aug. 18, 1943 7 5.5 Do Apr. 26, 1931 1,030
Do Sept. 1, 1943 7 5.7 Do May 5, 1931 992
Do Sept. 7, 1943 8 6.5 Do May 13, 1931 956
Do Oct. 7, 1943 6 5.5 Do May 17, 1931 1,010
Bal-Gf 108 | Nov. 29, 1940 - 6.5 Do May 27, 1931 1,000
Do June 1, 1942 8 Do June 2, 1931 970
Do Nov. 1, 1942 12 Do June 22, 1931 1,000
Do May 27, 1943 8 6.7 Do July 2, 1931 1,020
Do July 26, 1943 8 5.7 Do July 8, 1931 976
Do Aug. 4, 1943 6 5.91 Bal-Gf 117 | Oct. 7, 1915 289
Do Aug. 18, 1943 6 587 Do Oct. 27, 1920 7.06
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Well Date cl ot Well Date Ccl pH
Bal-Gf 117 | Oct. 28, 1920 10.6 | - || Bal-Gf 125 | Apr. 14, 1931 565 -
Bal-Gf 118 | Oct. 7, 1915 14.4 | - Do Apr. 28, 1931 245 -

Do Oct. 27, 1920 7.07| - Do May 13, 1931 270 -

Do Oct. 28, 1920 10.6 | - Do May 17, 1931 341 -

Do Sept. 15, 1931 8.85 - Do June 2, 1931 312 -

Do Oct. 14, 1931 6.55] - Do June 22, 1931 270 -

Do Nov. 11, 1931 7.08] - Do July 2, 1931 227 -

Do June 6, 1931 52 - Do July 8, 1931 85.2 | -

Do June 15, 1931 8.85| - Do July 31, 1931 81.5 | -

Do June 22, 1931 8.12| - | Bal-Gf 126 | Oct. 27, 1920 14.2 | -

Do July 2, 1931 10.6 | - Do Oct. 28, 1920 10.6 | -

Do July 14, 1931 8.85| - Do Sept. 7, 1931 24.9 | -

Do Aug. 21, 1935 28.5 [ - Do Sept. 15, 1931 17.5 | -

Do Sept. 25, 1935 21.1 | - | Bal-Gf 127 | Oct. 28, 1920 10.6 | -
Bal-Gf 119 | Oct. 7, 1915 22.5 | - Do Jan. 20, 1931 181 -
Bal-Gf 120 | June 15, 1931 12.4 | - Do Apr. 8, 1931 160 o

Do July 2, 1931 39.0 | - Do Apr. 11, 1931 142 -

Do July 8, 1931 24.9 | - Do Apr. 28, 1931 135 =

Do July 14, 1931 33.6 | - Do May 13, 1931 110 -

Do July 21, 1931 32.0 | - Do May 17, 1931 128 =

Do July 31, 1931 42.5 | - Do June 2, 1931 113 -

Do Aug. 31, 1931 2.6 | - Do June 22, 1931 99.5 | -

Do Sept. 7, 1931 28.3 | - Do July 2, 1931 85.3 | -

Do Sept. 23, 1931 3.2 | - Do July 8, 1931 95.8 | -

Do Nov. 11, 1931 117 o Do July 21, 1931 81.6 | -

Do Aug. 21, 1935 42.6 | - Do Sept. 7, 1931 ol 1| o

Do Sept. 25, 1935 4.2 | - Do Sept. 15, 1931 17.7 | -

Do Oct. 26, 1935 21.2 | - Do Dec. 14, 1932 7.1 | -

Do Nov. 26, 1935 28.4 | - | Bal-Gf 128 | Jan. 21, 1931 536 S
Bal-Gf 121 | Jan. 20, 1931 7.09| - Do Apr. 8, 1931 509 S

Do Feb. 25, 1931 6.77| - Do Apr. 11, 1931 500 S

Do Apr. 5, 1931 21.3 | - Do Apr. 14, 1931 320 =

Do June 15, 1931 10.6 | - Do Apr. 28, 1931 482 -

Do June 22, 1931 13.0 | - Do May 13, 1931 398 -

Do July 8, 1931 12.4 Do May 17, 1931 512 =

Do July 14, 1931 12.4 - Do May 27, 1931 476 -

Do July 21, 1931 29.0 - Do June 2, 1931 440 -

Do July 31, 1931 10.6 | - Do June 22, 1931 214 -
Bal-Gf 122 | Jan. 20, 1931 136 o Do July 2, 1931 128 o

Do Apr. 15, 1931 462 - Do July 8, 1931 65.8 | -

Do Apr. 28, 1931 | 1,030 S Do July 14, 1931 61.5 | -

Do May 4, 1931 1,070 - Do July 21, 1931 42.5 -

Do May 13, 1931 1,132 S Do July 31, 1931 35.6 | -

Do May 17, 1931 1,175 5 Do Dec. 14, 1932 7.1 | -

Do May 27, 1931 1,205 - || Bal-Gf 129 | Apr. 8, 1931 5| =

Do June 2, 1931 1,232 5 Do June 6, 1931 12.9 | -
Bal-Gf Oct. 27, 1920 10.6 | - Do July 8, 1931 31.4 | -

Do Oct. 28, 1920 4.2 | - Do July 21, 1931 20.6 | -

Do Jan. 20, 1931 53.1 | - Do Aug. 31, 1931 10.6 | -

Do Apr. 8, 1931 28.3 | - Do Sept. 23, 1931 14.2 | -

Do June 15, 1931 99,5 | - Do Oct. 14, 1931 21.4 | -

Do June 22, 1931 139 o Do Feb. 16, 1938 10.6 | -

Do July 8, 1931 312 o Do Mar. 6, 1938 14.2 | -

Do July 14, 1931 192 o Do May 19, 1938 3.5 | -

Do July 21, 1931 113 - Do Aug. 6, 1938 14.2 | -
Bal-Gf 125 [ Oct. 27, 1920 106.5 | - Do Sept. 15, 1938 35.4 | -

Do Oct. 28, 1920 85 o Do Sept. 30, 1938 172 S

Do Jan. 20, 1931 355 o Do Oct. 10, 1938 79 -

Do Apr. 8, 1931 568 & Do Oct. 13, 1938 156 =
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Well Date a pH Well Date a pH
Bal-Gf 129 | Oct.- 20, 1938 159 - Bal-Gf 130 | May 9, 1938 131 -
Do Nov. 3, 1938 81.6 - Do July 28, 1938 205 S
Do Dec. 1, 1938 60.0 - Do Sept. 30, 1938 191 -
Do Dec. 15, 1938 46.2 - Do Oct. 10, 1938 199 -
Do Jan. 5, 1939 128 - Do Oct. 13, 1938 178 -
Do Jan. 19, 1939 277 - Do Nov. 3, 1938 135 =
Do Feb. 2, 1939 440 - Do Nov. 18, 1938 103 =
Do Feb. 27, 1939 508 - Do Dec. 29, 1938 397 -
Do Mar. 9, 1939 540 - Do Jan. 12, 1939 490 -
Do Apr. 3. 1939 610 - Do Jan. 26, 1939 552 5
Do Apr. 17, 1939 730 - Do Feb. 6, 1939 575 -
Do Apr. 20, 1939 632 - Do Feb. 20, 1939 615 =
Do May 1, 1939 666 - Do Mar. 2, 1939 610 o
Do May 11, 1939 638 o Do Mar. 16, 1939 623 -
Do May 25, 1939 655 o Do Apr. 3, 1939 623 o
Do June 4, 1939 696 - Do Apr. 20, 1939 616 -
Do June 15, 1939 730 - Do May 1, 1939 680 o
Do June 27, 1939 760 - Do May 18, 1939 668 -
Do July 10, 1939 705 - Do June 2, 1939 689 =
Do July 24, 1939 805 o Do June 19, 1939 646 o
Do Aug. 4, 1939 850 - Do July 6, 1939 639 -
Do Ang. 17, 1939 880 - Do July 28, 1939 610 -
Do Sept. 4, 1939 950 - Do Aug. 10, 1939 305 -
Do Sept. 25, 1939 880 - Do Aug. 17, 1939 603 o
Do Oct. 5, 1939 900 - Do Aug. 31, 1939 532 -
Do Nov. 30, 1939 1,160 - Do Sept. 11, 1939 468 -
Do Dec. 4, 1939 1,130 - Do Sept. 25, 1939 532 -
Do Dec. 11, 1939 1,170 - Do Oct. 2, 1939 540 -
Do Dec. 14, 1939 1,100 - Do Nov. 30, 1939 525 -
Do Dec. 21, 1939 1,010 - Do Dec. 7, 1939 639 o
Do Jan. 1, 1940 1,030 - Do Dec. 28, 1939 799 -
Do Jan. 8, 1940 1,040 - Do Jan. 15, 1940 746 -
Do Jan. 11, 1940 995 - Do Mar. 7, 1940 667 -
Do Mar. 7, 1940 269 o Do Mar. 25, 1940 532 ©
Do Mar. 28, 1940 328 o Do Apr. 4, 1940 745 =
Do Apr. 22, 1940 497 - Do Apr. 22, 1940 754 -
Do May 2, 1940 149 - Do Apr. 25, 1940 580 -
Do May 9, 1940 92.2 - Do May 9, 1940 468 -
Do May 20, 1940 63.8 - Do May 20, 1940 404 o
Do May 30, 1940 35.5 - Do May 30, 1940 340 o
Do June 7, 1940 63.8 - Do June 10, 1940 273 -
Do June 14, 1940 31.9 o Do July 1, 1940 241 o
Do July 1, 1940 24.9 - Do July 15, 1940 220 -
Do Aug. 1, 1940 17.7 - Do July 29, 1940 206 -
Do Sept. 3, 1940 14.1 - Do Aug. 8, 1940 181 -
Do Sept. 23, 1940 10.6 - Do Ang. 26, 1940 156 -
Do Oct. 7, 1940 56.6 - Do Sept. 13, 1940 142 -
Do Oct. 21, 1940 10.6 - Do Sept. 30, 1940 128 -
Do Nov. 4, 1940 10.6 - Do Oct. 17, 1940 127 -
Do Nov. 18, 1940 8.85| - Do Nov. 8, 1940 74.5 -
Do Dec. 21, 1940 10.6 - Do Nov. 18, 1940 81.5 -
Do Sept. 1941 110 - Do Nov. 28, 1940 95.9 -
Bal-Gf 130 | Oct. 27, 1920 8.5 o Do Dec. 2, 1940 92.3 o
Do Oct. 28, 1920 7.8 - Bal-Gf 137 | July 21, 1931 270 -
Do June 15, 1931 21.2 - Do Aung. 31, 1931 213 -
Do June 27, 1931 30.2 o Do Sept. 15, 1931 160 -
Do July 8, 1931 170 - Do Oct. 14, 1931 135 -
Do July 31, 1931 30.5 - Do Nov. 11, 1931 103 o
Do Sept. 15, 1931 46.1 - Do Nov. 30, 1931 85.2 -
Do Feb. 16, 1938 101 - Do Dec. 17, 1931 71.0 =
Do Mar. 6, 1938 227 o Do Dec. 14, 1932 88.7 o
Do Mar. 24, 1938 63.8 o Do Aug. 21, 1935 242 -
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Well Date G pH Well Date a pH

Bal-Gf 137 | Sept. 25, 1935 195 - || Bal-Gf 138 | July 6, 1939 AN =
Do Dec. 23, 1935 187 - Do Avg. 4, 1939 63.8 | -
Do Jan. 30, 1936 214 - Do Aug. 17, 1939 28.4 | -
Do June 29, 1936 214 - Do Sept. 7, 1939 71.0 | -
Do Aug. 26, 1936 220 - Do Oct. 12, 1939 78 -
Do Oct. 17, 1936 245 - Do Nov. 6, 1939 92.3 | -
Do Dec. 22, 1936 362 - Do Nov. 13, 1939 113 -
Do Mar. 25, 1937 358 - Do Nov. 30, 1939 152 -
Do May 31, 1937 383 - Do Dec. 21, 1939 142 -
Do July 2, 1937 379 - Do Jan. 11, 1940 131 -
Do Oct. 26, 1937 380 - Do Feb. 5, 1940 113 -
Do Jan. 19, 1938 376 - Do Mar. 11, 1940 113 -
Do Mar. 6, 1938 383 - Do Apr. 8, 1940 92.3 | -
Do Mar. 24, 1938 308 - Do May 16, 1940 81.6 | -
Do Apr. 22, 1938 337 - Do June 27 1940 85 -
Do June 1, 1938 244 - Do Avg. 1, 1940 71 -
Do June 23, 1938 383 - Do Aug. 15, 1940 81.6 | -
Do July 21, 1938 434 - Do Oct. 3, 1940 18 -
Do Oct. 13, 1938 852 - Do Nov. 11, 1940 8l1.6 | -
Do Oct. 27, 1938 695 - Do Dec. 2, 1940 78 -
Do Nov. 10, 1938 578 - Do Sept. 1941 84 -
Do June 15, 1943 475 - || Bal-Gf 140 | Feb. 3, 1940 1,275 -
Do June 22, 1943 420 - Do Feb. 9, 1940 1,206 -
Do July 11, 1943 | 1,100 - Do Feb. 15, 1940 | 1,152 -
Do July 26, 1943 | 1,150 5.7 Do Feb. 20, 1940 | 1,063 -
Do Aug. 4, 1943 642 5.9 Do Apr. 25, 1940 | 1,311 -
Do Aug. 18, 1943 456 5.4 Do Apr. 29, 1940 | 1,080 -
Do Aug. 24, 1943 436 5.9 Do May 2, 1940 880 -
Do Aug. 27, 1943 430 - Do May 9, 1940 652 -
Do Sept. 1, 1943 424 5.8 Do May 20, 1940 560 -
Do Sept. 28, 1943 408 - Do May 30, 1940 510 -
Do Oct. 7, 1943 411 5.5 Do June 14, 1940 482 -
Do Dec. 9, 1943 416 5.8 Do July 4, 1940 475 -
Do Feb. 5, 1944 398 - Do July 18, 1940 467 -
Do Mar. 11, 1944 400 - Do Aug. 1, 1940 467 -
Do Apr. 21, 1944 403 5.9 Do Sept. 5, 1940 463 -
Do May 9, 1944 404 547 Do Sept. 26, 1940 472 -
Do June 13, 1944 405 Sotl Do Oct. 10, 1940 418 o
Do July 13, 1944 405 5.9 Do Oct. 14, 1940 504 =

Bal-Gf 138 | Oct. 17, 1936 284 - Do Nov. 4, 1940 383 -
Do Nov. 25, 1936 35.4 | - Do Nov. 18, 1940 475 -
Do Mar. 6, 1937 37.5 | - Do Dec. 2, 1940 461 -
Do May 5, 1937 30.2 | - Do Sept. 1941 315 -
Do Aug. 10, 1937 32 - Do July 10, 1943 132 -
Do Oct. 26, 1937 39 - Do July 12, 1943 56 -
Do Jan. 27, 1938 42.6 | - Do July 17, 1943 220 -
Do Mar. 6, 1938 149 - Do July 21, 1943 75 -
Do Mar. 18, 1938 336 - Do July 26, 1943 62 5.7
Do Mar. 20, 1938 103 - Do July 31, 1943 60 -
Do Mar. 21, 1938 74.5 | - | Bal-Gf 166 | Dec. 14, 1937 - 5.9
Do Apr. 30, 1938 49.7 | - Do Mar. 7, 1941 118 -
Do June 16, 1938 42.5 | - Do do 94 o
Do Sept. 30, 1938 35.5 | - Do Apr. 26, 1941 116 -
Do Oct. 20, 1938 56.7 | - Do Oct. 1, 1941 20.0 | -
Do Dec. 10, 1938 42.5 | - Do Apr. 1942 22.5 | -
Do Jan. 5, 1939 39.0 | - Do Nov. 1, 1942 173 -
Do Jan. 30, 1939 35.5 | - Do May 17, 1943 200 3.8
Do Mar. 6, 1939 39.0 | - Do Dec. 2, 1943 933 -
Do Mar. 27, 1939 56.7 | - Do do 254 -
Do Apr. 17, 1939 63.8 | - || Bal-Gf 167 | Mar. 4, 1941 10 -
Do May 11, 1939 78.0 { - Do Oct. 1, 1941 14 -
Do June 2, 1939 81.5 | - Do Nov. 1, 1942 35 -
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Well Date a pH Well Date (ot pH
Bal-Gf 167 | May 17, 1943 172 6.2 || Bal-Gf 174 | Dec. 14, 1937 - 5.9
Do Aug. 4, 1943 25 543 Do Apr. 27, 1941 6.5 -

Do Dec. 2, 1943 90 - Do Oct. 1, 1941 18 -

Do do 20 - Do Apr. 30, 1942 16 -
Bal-Gf 168 | Dec. 14, 1937 o 6.2 Do Nov. 1, 1942 11 -
Do Apr. 26, 1941 6.5 - Do May 17, 1943 74 5.2

Do Oct. 1, 1941 160 - Do Dec. 1, 1943 36 -
Do May 1942 19.5 - Do do S -

Do Nov. 11, 1942 22 - Bal-Gf 175 | Dec. 14, 1937 - ST

Do May 17, 1943 20 6.3 Do Nov. 27, 1940 29 5.9

Do Aug. 4, 1943 8 5.5 Do Apr. 26, 1941 25.5 -

Do Dec. 2, 1943 9 - - Do Oct. 1, 1941 54 =
Do Dec. 2, 1943 17 - Do Apr. 30, 1942 40 -
Bal -Gf 169 | Dec. 14, 1937 6.0 - Do Oct. 1, 1942 49 -
Do Mar. 6, 1941 108 S Do May 17, 1943 102 5.9

Do Mar. 7, 1941 36 - Do Nov. 24, 1943 50 -

Do Apr. 26, 1941 103 = Do Nov. 30, 1943 40 -

Do Oct. 1, 1941 140 - Do Dec. 2, 1943 22 -
Do May 1942 140 - Do Dec. 5, 1943 50 -
Do Nov. 1, 1942 158 - Do Dec. 7, 1943 98 -
Do May 17, 1943 160 5.3 Do Dec. 11, 1943 80 -
Do Dec. 2, 1943 214 - Do Dec. 20, 1943 84 o
Do do 128 - Do Dec. 31, 1943 76 -
Bal-Gf 170 | Dec. 14, 1937 - 6.3 Do Jan. 15, 1944 74 -
Do Mar. 4, 1937 30 o Do Feb. 15, 1944 79 -
Do Apr. 26, 1941 31 o Do Mar. 10, 1944 22 -
Do Sept. 27, 1941 66 - Do Mar. 15, 1944 132 -
Do Oct. 1, 1941 86 = Do Mar. 23, 1944 82 -
Do Apr. 30, 1942 7.0 e Do Apr. 24, 1944 78 o
Do Nov. 1, 1942 80 - Do May 24, 1944 90 -
Do May 17, 1943 188 6.8 Do July 24, 1944 72 -

Do Aug. 4, 1943 - 5.1 Do Sept. 28, 1944 74 -

Do Dec. 2, 1943 202 - Do Oct. 19, 1944 73 -
Do do 80 - Do Nov. 16, 1944 70 -
Bal-Gf 171 | Dec. 14, 1937 - 6.2 Do Nov. 24, 1943 40 -
Do Apr. 27, 1941 5 - Do do 50 -
Do Sept. 27, 1941 10 - Bal-Gf 176 | Oct. 1, 1941 38 -
Do Oct. 1, 1941 66 - Do Apr. 30, 1942 36 -
Do Apr. 20, '1942 63 - Do Nov. 1, 1942 82 -
Do Nov. 1, 1942 18 - Do May 17, 1943 70 5.3
Do May 17, 1943 33 6.7 Do July 26, 1943 85 3

Do Aug. 4, 1943 6 Sl Do Aug. 11, 1943 83 5.4
Do Dec. 2, 1943 10 - Do Aug. 18, 1943 8l 587
Do do 5 - Do Aug. 24, 1943 81 5.7
Bal-Gf 172 | Sept. 14, 1937 - 6.1 Do Sept. 1, 1943 83 5.5
Do Apr. 27, 1941 5.8 - Do Sept. 8, 1943 85 5.3
Do Sept. 27, 1941 16 - Do Oct. 7, 1943 84 4.9
Do Oct. 1, 1941 81 - Do Nov. 3, 1943 86 Bo
Do May 1942 i7i5; = Bal-Gf 178 | Aug. 4, 1943 4 BT

Do Nov. 1, 1942 o - Bal-Gf 179 | June 3, 1943 3 5.9
Do May 17, 1943 9 6.7 | Bal-Gf 180 | June 3, 1943 3 595

Do Dec. 2, 1943 4 - Bal-Gf 182 | June 12, 1944 5 -
Bal-Gf 173 | Dec. 14, 1937 - 5.9 || Bal-Gf 192 | Feb. 17, 1944 60 -
Do Mar. 4, 1941 67 - Do do 370 -
Do Mar. 7, 1941 32 - Do Feb. 22, 1944 360 -
Do Apr. 27, 1941 55 - Do Mar. 1, 1944 400 -
Do Oct. 1, 1941 80 - Do Mar. 5, 1944 395 -
Do Nov. 1, 1942 155 - Do Mar. 12, 1944 360 -
Do May 17, 1943 180 543 Do Mar. 16, 1944 355 -
Do Aug. 4, 1943 180 - Do Mar. 25, 1944 325 -
Do Dec. 2, 1943 206 - Do Mar. 30, 1944 310 -
Do do 140 - Do Apr. 6, 1944 335 -
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Well Date a pH Well Date a pH
Bal-Gf 192 |Apr. 15, 1944 375 - Har-Ed 16 | Apr. 13, 1944 9 5.3
Do Apr. 26, 1944 340 3.5 |iHar-Ed 19 Apr. 13, 1944 8 5.3
Do June 7, 1944 35 - Har-Ed 20 Apr. 13, 1944 9 5.3
Do July 24, 1944 340 -
Pleistocene deposits
Well Date cl pH Well Date a pH
1SIE.8 June 13, 1944 80 6.1 || Bal-Ge 1 Oct. 6, 1943 9 6.0
1S1E-9 June 13, 1944 66 6.7 | Har-De 2 Oct. 10, 1943 10 5.3
1SIE-10 June 13, 1944 106 6.3 || Har-De 6 July 7, 1944 17 555
1S1E-11 June 13, 1944 126 6.4 || Har-De 18 Sept. 12, 1944 10 5.4
2S1E-41 May 29, 1944 5, 25 7.3 | Her-Ed 7 1944 75-80 -
2S]1E-~73 May 29, 1944 958 5.7 {Har-Ed 14 | Apr. 13, 1944 18 5.4
INSE-1 June 18, 1943 40 6.9

®Well also screened in Patapsco formation.
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Cations Anions
Calcium (Ca) 0.04990 Carbonate (COj;) 0.03333
Magnesium (Mg) .08224 Bicarbonate (HCO;) .01639
Sodium (Na) .04348 Sulfate (SOy) .02082
Potassium (K) .02558 Chloride (CI) .02820
Nitrate (NO3) .01613

To classify and compare a large number of chemical analyses, the reacting
values of the radicals generally are plotted on a trilinear graph on which the
chemical character of the water may be represented by a single point. Geyer
(1945, pp. 283-287) in his study in the Baltimore area used a rectilinear
graph that he devised, and for many chemical analyses in this area it appears
to have some advantage over the trilinear graphs.

Many combinations of trilinear and rectilinear graphic plotting (Hill, 1940;
Langelier and Ludwig, 1942; Piper, 1945) were used in an attempt to find
some manner of expression that would show clearly the differences in chemical
character but, more specifically, the presence of a slight degree of salt-water
contamination. A bar diagram of the reacting values (fig. 23) appeared to
show best the salt-water contamination in this area. For example, in Figure
23, the distribution of reacting values of analyses 1, 2, 10, 11, 12, 22, 25,
and 26, owing chiefly to the low percentage of the reacting value of chloride,
indicates no contamination, although the chloride, in parts per million, ranges
from 1.4 to 8.6. When the water contains minerals introduced by salt-water
contamination the normal pattern shown by the percentages of reacting values
is changed, chiefly by a relative increase in the percentage of the reacting
values of sodium and chloride (to which, for convenience in plotting, the
reacting values of potassium and nitrate have been added respectively). For
example, the diagram of analysis 15 shows a considerable increase in the
percentage of reacting values of these constituents, indicating that the chemical
character of the water has been changed by salt-water contamination. In this
case salt-water contamination is shown clearly also by the high concentration
of chloride—990 parts per million. However, other analyses (for example
16, 23, and 28) show that the relative percentage of chloride is higher than
normal, indicating salt-water contamination, even though the chloride content
shown by these analyses is only 5.9, 7.4, and 5.5 parts per million, respec-
tively, all of which are within the range of chloride concentration of uncon-
taminated ground water. The significant value of this method of presentation
1s that it permits an early detection of salt-water contamination.

GEOPHYSICAL METHODS

Geophysical methods are of considerable value in determining indirectly
localities of salt-water contamination and the approximate salinity within the
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contaminated area. Resistivity studies in which the resistivity of the water-
bearing formations is determined by use of electrodes placed at the land surface
have been used for many years to provide data on salt-water contamina-
tion of ground-water reservoirs. However, as the Baltimore area is heavily
industrialized, with many pipe lines at shallow depth and stray electrical
currents from grounded motors, etc, it was considered impractical to use
this method of study in the Baltimore area.

The electrical logging of test holes, which may avoid much of the dis-
turbing effect from extraneous electrical currents and pipe lines, is a valuable
method of studying salc-water contamination, but its use is limited by the
availability of test holes.

Electrical logs generally consist of one potential curve and several resist-
ivity curves obtained through the use of one or more electrodes moved
upward or downward in an uncased well. As commercial logging services
were not readily available in the Baltimore area, a simplified logging unit,
yielding one resistance curve, was constructed to determine if electrical logging
would provide helpful information on salt-water contamination, as well as on
the thickness and position of water-bearing formations. The logs are not
as accurate or detailed as those obtained with more elaborate equipment.

The resistance curve was obtained by causing an electrical current to flow
from a single electrode in the well to an electrode at the land surface. A con-
stant voltage was applied; hence the amount of current flowing through the
circuit was controlled by the electrical resistance of the sediments, and the
water they contained, between the two electrodes. As the density of current
flow lines is large around a small electrode in a well, the resistance of the
sediments very close to that electrode had the greatest influence on the
quantity of current flowing in the circuit. The current was automatically
recorded on a recording milliammeter as the electrode was moved up or
down the well. With the current and voltage known, the resistance was
computed by Ohm'’s law.

Ordinarily, the electrical resistance of fresh-water-bearing sand and gravel is
greater than that of saturated clay. A salt-water sand, however, may have a
very low resistance because salt water is more conductive than fresh water.
Thus, under ideal conditions, if supplemental information is available to dis-
tinguish between the effects of the rocks and those of water salinity, the re-
sistance curve may provide qualitative information on the salinity of water-
bearing formations. In rotary-drilled wells in which a drilling mud is cir-
culated in the bore hole, salt water in a sand may be freshened by invasion
of the water from the drilling mud. If the invasion of drilling mud is
sufficiently extensive, it may not be possible to detect the location and degree
of salinity of the water in the sand by use of a resistance curve obtained by
this single-electrode method. The resistance curve also shows the position
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and thickness of the different types of sediments and is of value in geologic
correlation.

The potential curve was obtained by measuring, at depth intervals of 1
foot, the natural electrical potential between an electrode in the well and an
electrode at the land surface, using a sensitive electronic millivoltmeter. An
electrical potential in a well may result from several causes (Guyod, 1944,
pp. 44-56). The electrical potential seems to develop most commonly between
a clay bed, in contact with the fluid in a well, and a salt-water sand. 1If the
salinity of the salt-water sand is higher than that of the fluid in the well, an
electrical current will flow (assuming current flows from plus to minus
potential) from the clay to the fluid in the well, then to the salt-water sand,
then to the clay, completing the circuit. If the salinity of the fluid in the well
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is higher than the salinity of the water sand then, theoretically, the current
will be reversed. Thus a large negative potential generally indicates that the
electrode is opposite a salt-water sand; a small negative potential measured
opposite a bed known to be sand usually indicates that the sand contains
fresh water. Because scveral other factors affect the potential, data on the
chemical character of the water, the lithology of the sediments, and the con-
ditions in the bore hole are necessary to interpret a potential graph.

Electrical logging of test holes was first applied in the Baltimore area
ir: the study of the salt-water contamination in the Sparrows Point public-
supply well field (wells Bal-Gf 166 to 176) in the southeastern part of
the Sparrows Point district.

The public-supply well field, which furnishes water for both the town of
Sparrows Point and the Bethlehem Steel Co. plant, contains eleven wells of
which four are 200 to 220 feet deep and seven are 270 to 320 feet deep
The wells 200 to 220 feet deep are screened in the upper part of the Patapsco
formation and those 270 to 330 feet deep in the lower part of the Patapsco.
In 1945 the shallower wells yielded water containing from about 150 to 200
parts per million of chleride; the deeper wells, with one exception, yielded
water containing about 8 parts per million. The exception, well Bal-Gf 175,
supplied nearly all the water used for public supply during 1945. The
chloride content of the water from that well increased progressively and in
1945 was about 80 to 90 parts per million. Inasmuch as the other wells
tapping the lower part of the Patapsco formation in the public-supply well
field yield water having a chloride content of about 8 parts per million, it
was first thought that well Bal-Gf 175 was being contaminated locally by
leakage from a nearby well; however salinity pumping tests and conductivity
surveys showed the well was being contaminated in some other manner.

It was thought that electrical logging might furnish additional data that
would help toward the understanding of the problem at Sparrows Point and
at the same time serve as a test of the usefulness of this type of geophysical
study in other parts of the Baltimore area. Two test wells (wells Bal-Gf 193
and 194), financed by the Bethlehem Steel Co., were drilled and electrical
logs and other data were obtained (Pls. 10 and 11).

The potential curve of the first test well (Bal-Gf 193) is omitted below
a depth of 180 feet, owing to erratic values resulting from stray ground
currents. The potential in the upper part of the Patapsco formation has a
negative value of from 20 to 25 millivolts beyond the clay base line (the
point generally assumed to be zero). Inasmuch as the drilling mud contained
from 6 to 11 parts per million of chloride, it would seem that the salinity
of the water in the upper part of the Patapsco is higher than the mud salinity.
The relatively high degree of salinity is indicated also by the resistances of the
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sands in the upper part of the Patapsco for, in general, they range from 550
to 575 ohms whereas the resistance of the sands in the lower part of the Pa-
tapsco, which generally contains water of low chloride content, is about 600
to 625 ohms.

Samples of the drilling mud entering the well and leaving the well were
collected simultancously. The chloride content of these samples was deter-
mined, and the difference in content was plotted against the depth of the
well at the time the samples were collected. (See mud-salinity log, PL. 10.)
The principal purpose of the mud-salinity log was to locate the position of the
salt-water sands. It was thought that if a low-chloride mud fluid came in
contact with a salt-water sand the mud fluid would be slightly contaminated
and therefore would have a higher chloride content; hence the chloride con-

tent of the drilling mud leaving the well would be higher than that of the
mud entering the well. The mud-salinity log shows no large difference in
chioride content, suggesting that no water extremely high in chloride was
penetrated by the well.

The principal features indicated by the geophysical tests on well Bal-Gf
193 are (1) the upper part of the Patapsco formation contains slightly
contaminated water, (2) the lower part of the formation contains essentially
uncontaminated water, and (3) the two water-bearing zones are separated,
in this well, by only 13 feet of clay.

Two potential logs were made of the second test well (Bal-Gf 194), one
with a wall-contact electrode and the other with a 3-inch-diameter electrode.
Although both potential logs are included in Plate 11, the values of potential
obtained with the 3-inch clectrode probably are not reliable, as the electrode
seemed to be affected by polarization.

The potentials recorded opposite all beds of sand in this well are negative
with respect to the potentials opposite the clay beds. From this it would
scem that the salinity of all the sands is higher than the salinity of the
drilling mud, which contained from 12 to 18 parts per million of chloride;
howecver, the make-up water for the drilling mud which was obtained from
a well ending in the Patuxent formation may have a slightly different chemical
character than water from the Patapsco formation. Chemical constituents
other than chloride therefore, may have caused, in part, the relatively large

negative potentials opposite the sand beds.

The resistance log shows that in general the sand in the upper part of the
Patapsco formation has a resistance of about 450 to SO0 ohms, whereas the
main sand in the lower part of the Patapsco formation has a resistance of
about 600 ohms. Thus, the lower resistance of the sand in the upper part of
the Patapsco formation suggests that the sand contains more clay or more
saline water than the sand in the lower part of the formation. If the resist-
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ance of the sand in the upper part of the formation was affected only by more
highly saline water, the ncgative potentials in the upper part of the formation
would be somewhat greater than the negative potentials in the lower pact. On
the other hand, the negative potentials usually are much less opposite a clayey
sand than opposite a clean sand. As the negative potentials of the sands
in the lower and upper parts of the formation were roughly the same, it
appears that the upper part is both more argillaceous and contains a more
highly saline water than the lower part.

The mud-salinity log of well Bal-Gf 194 suggests that the lower part of the
basal sand and gravel of Pleistocene age may contain water with a relatively
high chloride content. Otherwise the mud-salinity log shows no evidence
of highly saline water-bearing sands.

The principal features indicated by geophysical tests on well Bal-Gf 194 are
that the upper part of the Patapsco formation contains slightly contaminated
water and that the lower part probably is not contaminated. In this well
the clay bed separating the two water-bearing zones is 66 feet thick.

The marked thinning of the clay bed toward the southeast suggests that
it pinches out, thereby allowing salt water to move from the upper zone to
the lower zone and to reach the public-supply well Bal-Gf 175.

Although electrical logging and other geophysical tests have limitations,
in any future detailed studies of the salt-water contaminated areas, considera-
tion should be given to their use along with test drilling.

FACTORS AFFECTING THE SPREAD OR INCREASE IN SALINITY
OF CONTAMINATED AREAS DUE TO SALT-WATER
ENCROACHMENT

The present areal extent of salt-water contamination due to encroachment
has developed over a period of 50 years or more, but during this period the
rate of growth was not uniform. A large part of that area was contaminated
during the period of 1920 to 1940 when most of the large ground-water
supplies were developed. Although a large number of water samples for
chloride determination were collected periodically from many wells, it is
difficult to determine, with short periods of record, if the contaminated areas
are expanding or if the degree of salinity within the contaminated areas is
increasing.

It might seem that a knowledge of the hydrology and geology of the area
should provide a basis for determining the probability of further increase in
contamination, but so many factors are involved—some of them imperfectly
understood—that it is practically impossible to resolve all of them.

PATUXENT FORMATION
Salt water has encroached into the Patuxent formation where it is exposed
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to the Patapsco River estuary in and near the Harbor district, and as the water
table there is still below the level of the estuary, salt water continues to move
into the formation. The contaminated area in the Patuxent formation could
be expected, therefore, to expand until it reached practically all the major well
fields in the industrial area; however, the heavy pumping from the Patuxent
formation in the Harbor district withdraws a large part of the salt water,
thereby preventing much of it from moving southeastward to other well
fields. This constitutes 2 sort of “protective pumping,” but the proportion
of the contaminated water being removed by it cannot be determined accurate-
ly although it probably is large. The map showing the genecral pattern of
ground-water flow lines in the Patuxent formation (Pl.7) indicates that
pumping in the Harbor district removes most of the contaminating water;
but a part moves to the Highlandtown district where the water is already
contaminated, and a part may be moving toward the Dundalk and Fairfield
districts. However, the flow lines are only approximate, and additional in-
formation may show that the pattern of flow is different in this part of the
area than is shown in Plate 7. Even though it is possible that some of the
contaminating water is moving toward the industrial districts southeast of the
Harbor district, its rate of advance is so slow that it has not reached them.
As was described in the section "Movement of Ground Water,” many years
would be required before salt water could move from the Harbor district to
the Dundalk district. The flow lines on Plate 7 indicate, however, that the
degree of contamination in the Patuxent formation, in the southeastern part
of the industrial area, due to encroachment will never be as high as it is in
the Harbor and Canton districts. This is because all or a large part of the
water pumped from the other districts is derived from areas northeast and
southwest of the source of contamination (Patapsco River estuary). The
Highlandtown, Dundalk, and Fairfield districts probably are more directly
exposed to the contamination than are the Curtis Bay and Sparrows Point
districts, in which practically all the water pumped from the Patuxent forma-
tion moves into the districts from a relatively great distance from Baltimore,
and which appear to be relatively safe from this contamination so long as
the present pattern of pumping in the area is continued.

If the pumping from the Patuxent formation in the Harbor district is
decreased appreciably or stopped the rate of growth of the contaminated area
will increase. Consequently, so far as salt-water contamination in the Pa-
tuxent formation is concerned, it would be advisable to continue the pumping
in the Harbor district. Fortunately a few of the industries in this district
appear to have found it practicable to continue use of ground water, even
though the water is highly mineralized. Unfortunately there is no appreciable
pumping in the western part of the Canton district, as this would also aid
materially in removing the contaminating water.
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PATAPSCO FORMATION

Owing to the large area in which it is exposed to the Patapsco River
estuary, the Patapsco formation is much more susceptible to salt-water con-
tamination than the Patuxent formation. Heavy pumping from this formation
has caused a relatively large area of contamination, and as the water levels
in wells ending in the Patapsco formation are below the level of the estuary
in a large part of the industrial area, salt water is still entering the formation.

The lower part of the Patapsco formation is partly protected from salt-
water encroachment by a clay bed chiefly in the Sparrows Point and Curtis
Bay districts. Thus, in the Sparrows Point district, which is the center of
heaviest pumping from the Patapsco formation, the lower part of the forma-
tion is generally less contaminated than the upper part. In the southeastern
part of the district, however, well logs indicate that the clay bed may pinch
out. Consequently, pumped wells ending in the lower part of the Patapsco
formation in the Sparrows Point district may draw a part of their water from
the upper part of the formation; this would account for the high chloride
content of the water in these wells. For example, it is possible that the
salt-water contamination in well Bal-Gf 175, in the public-supply well field
at Sparrows Point, is caused by ground-water flow from the upper to the
lower zone. Furthermore, the high chloride content of the water from well
Bal-Gf 137 (Bethlehem Steel Co. well Coke Oven 29) may be due to such move-
ment and not to leakage through defective casing as was thought. The
practice of pumping well Bal-Gf 137 in order to prevent salt water from
moving northwest across the district is worthwhile, for it may be an effective
means of delaying the spread of contamination in the lower part of the
Patapsco formation in the district. Consideration should be given also to
pumping water from the upper part of the formation in the southeastern part
of the district in order to decrease its hydrostatic head as it may decrease
ground-water movement from the upper into the lower zone.

This brief account of protective pumping in the Sparrows Point district
shows how the spread of contaminating water may be retarded effectively.
However, the hydrologic and geologic conditions in the Baltimore industrial
area are so complex that the conditions at each locality should be thoroughly
known before attempting protective pumping. It is not practicable to give
all the available information for each locality in this report; but, this informa-
tion may be obtained at the Maryland Department of Geology, Mines and
Water Resources. The salinity in the lower part of the Patapsco formation
will never be as high as the salinity of water in the Patapsco River estuary.
The piezometric contours shown in Plate 14 indicate that a large part of the
water pumped from that zone in the Sparrows Point district is derived from
parts of the area a long distance from the sources of contamination, so that
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the salt water that enters the formation is diluted by inflow of fresh water.
The localities where contamination will be most severe cannot be readily
determined as the irregularity of the sand and clay beds in the Patapsco forma-
tion makes it practically impossible to determine the precise pattern of
ground-water flow from the Patapsco River estuary into the formation. More-
over, the bed of the estuary has been covered extensively with silt (Gottschalk,
1944), so that in some places the movement of salt water into the formation
may be retarded.  Intermittent dredging for maintenance of the ship channel
to the Baltimore harbor, however, probably removes some of the silt for a
time, so that the susceptibility of the Patapsco formation to salt-water con-
tamination may vary somewhat in accordance with the dredging.

With the present distribution and rate of pumping the contaminated area
probably will not expand much beyond its present size (PL. 16), but the
salinity may increase gradually at some localities within the contaminated
area.

Contamination to the Patapsco formation could be prevented by stopping
all pumping from the formation; however, other factors, discussed later in
this report, must be considered before concluding that such a step would be
advisable.

PLEISTOCENE DEPOSITS

The lower unit of the Pleistocene deposits, which in a large part of the
Baltimore industrial area probably is hydrologically connected with the Pa-
tapsco formation, may be considered as being a part of that formation when
considering salt-water contamination in that area; in most places salt water
that enters the Patapsco must pass through Pleistocene deposits. Consequently,
the general features of the salt-water contamination of the Patapsco formation
also apply to the Pleistocene deposits.

FACTORS AFFECTING THE SPREAD OF THE
ACID-CONTAMINATED AREAS

The acid contamination, which is chiefly in the shallow aquifers (Patapsco
formation and Pleistocene deposits) above the Arundel clay in the Canton
district, apparently has not expanded appreciably. ~According to the piezo-
metric contours of the Patapsco formation (Pl. 14), there is little movement
of water within this aquifer southeastward from the Canton district; the
configuration of the contours indicates that the main aquifer in the lower part
of the Patapsco formation may be absent in the Canton district. Thus the
present rate and distribution of pumping probably will not cause any apprec-
iable expansion of the acid-contaminated area within the Patapsco formation.

In some parts of the Canton district the acid water in the shallow aquifers
leaks downward through defective wells and has contaminated the Patuxent
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formation. As there is little pumping from the Patuxent formation in these
parts of the Canton district, the acid water may move away from that district,
through the Patuxent formation, to nearby centers of pumping. In this man-
ner highly acid water has moved northward to the well field of the Crown
Cork and Seal Co. in the southern part of the Highlandtown district. Acid
water could move also southeastward to the center of pumping in the Dundalk
district, but at present no wells in that district yield acid water. The general
pattern of ground-water flow lines in the Patuxent formation (Pl. 7) indicates
that a part of the water pumped from the Patuxent formation in the Dun-
dalk district moves across the Canton district, and therefore a part of the water
flowing into the Dundalk district may be contaminated. The time required
for water to move from the Canton district to the Dundalk district is many
years, so that there may not have been sufficient time since the existing
pattern of flow lines was established, for the acid contamination to reach
the well fields in the Dundalk district. It also is possible that the general
pattern of flow lines shown in Plate 7 is not acrurate and that practically all
the acid contamination moves northward to the Highlandtown district. If
the pumping in the southern part of the Highlandtown district is ever
decreased appreciably or stopped, it is reasonably certain that acid contami-
nation would move southeastward toward the Dundalk district and would
eventually reach at least some of the centers of heavy pumping. However,
the degree of contamination probably would not be as severe as in the Canton
district, for a large part of the water pumped in the Dundalk district is
derived from areas that are not contaminated.

With the present rate and distribution of pumpage it is not likely that
the Fairfield, Curtis Bay, and Sparrows Point districts will ever be seriously
contaminated with acid originating in the Canton district.

The most effective means of decreasing the contamination by acid is by
plugging abandoned wells in the Canton district and by pumping wells at
certain strategic localities in that district that draw water from the Patuxent
formation and from the shallow aquifers above the Arundel clay. The
pumping from the shallow aquifers would decrease the difference in hydro-
static head between those aquifers and the Patuxent formation, thereby
lessening the inflow of contaminated water to the Patuxent formation. The
pumping of water from the Patuxent formation would remove at least some
of the contaminated water and would form a cone of depression within the
district, helping to prevent the acid water from moving outside the district.

MINERAL CONTAMINATION OF GROUND WATER
THROUGH LEAKING WELLS
One of the most serious ground-water problems in the Baltimore industrial
area is the mineral contamination of ground-water supplies through leaking
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wells. Most of the major well fields in the industrial area are being contami-
nated jn this manner.

A large part of the contaminating water moves through defective wells that
penetrate the shallow contaminated aquifers above the Arundel clay (Pl 16)
and extend through the Arundel clay into the Patuxent formation. Owing to
the difference in artesian head between the shallow aquifers and the Patuxent
formation in most parts of the area, wells screened in the Patuxent whose
casings have been corroded opposite the shallow aquifers may conduct highly
mineralized water downward to the Patuxent formation. In some parts of
the area, chiefly the Sparrows Point district, the lower part of the Patapsco
formation also has been contaminated by wells conducting salt water from
the upper part of the Patapsco formation and the Pleistocene deposits.

The casing in some wells, drilled many years ago, probably developed holes
‘through gradual deterioration and structural collapse even though the water

in contact with the casing may not have been high in mineral content. The
corrosion of many casings, however, was hastened by the presence of salt
water through local encroachment in the Patapsco formation and Pleistocene
deposits. A sizable part of the land adjacent to the Patapsco River estuary
has been built up artificially through the dumping of earth fill, slag, etc., along
the banks of the estuary (fig. 24). It probably would require many years for
the salt water in this material to be flushed out by natural circulation of water
from precipitation; so that the casings of many wells in these areas of
artificial land are susceptible to corrosion.

Stray electrical currents in the ground in the industrial area also may
cause holes to develop in the well casings. During the electrical logging of
well Bal-Gf 193 (Sparrows Point district) strong surges of current, having a
potential of as much as 500 millivolts, were measured at depths below 180
feet. The casing of a well might short circuit the current between horizons at
which there are stray currents at different potentials. Holes might eventually
form at the places where current leaves the casing.

During recent years many of the large industrial wells were drilled by the
rotary method, in which the diameter of the drilled hole was several inches
larger than the diameter of the casing installed. Some of these wells were
not cemented as it was thought that clay would flow into the annular space
outside the casing. Measurements of a rotary-drilled hole show that the
diameter may be larger in clay than in sand. Hole-diameter measurements in
well Bal-Gf 194, Sparrows Point district (PL. 11), show that in general the
diameter is larger opposite the tough red clay that separates the Patapsco for-
mation into upper and lower parts. As this clay is similar to the Arundel
clay, there may be an annular space opposite the Arundel clay outside the
casing of some wells. It is possible, therefore, that the major confining
beds of clay are not sufficiently plastic, in all localities, to squeeze tightly
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against the casing and prevent vertical movement of ground water along the
outside. According to Geyer (1945, p. 56), open channels have developed
along smooth conduits penetrating embankments in earth dams. He adds that,
“If it has been found that leakage along pipes through dams cannot be
prevented with certainty by tamping impervious clays around them, it is not
hard to believe that leakage will frequently occur outside well casings that
are set in holes of unknown diameter, with a single uncertain seal at the
bottom, and subjected to head differences of some 200 feet between the upper
and lower formations.”

As contamination through leaking wells is one of the most serious greund-
water problems in the industrial area, an attempt was made to determine the
location and constructional record of all drilled wells in the Baltimore indus-
trial area. As wells have been drilled in the industrial area for about 100
years and many of the companies have changed ownership several timcs, it
is likely that many wells have been drilled for which no information was
obtained. It is estimated that about 1,500 wells have been drilled in the
industrial area, and some record was obtained on about 85 percent of them,
Of the total of 1,500 wells 1,140 are no longer accessible, many being covered
by buildings, pavement, debris, earth, fill, etc. Of the 360 wells that are
accessible, 160 are used or are equipped for use. The estimated number of
wells that are considered abandoned, in 1945, is 1,250 and of these only
about 150, or about 12 percent, are plugged. Not all the unplugged aban-
doned wells are conducting salt water to fresh-water-bearing formations,
however, for some of these wells are (1) in parts of the area where there
is no salt water, (2) some are finished in shallow aquifers and therefore
cannot conduct water to the deeper aquifers, (3) some are in the Harbor dis-

trict where the Patuxent formation is contaminated anyhow by encroachment
from the Patapsco River estuary, so that plugging wells would not prevent

contamination, and (4) some old wells have been plugged through collapse
and disintegration of the casing permitting the well to become filled with
sand and clay. Nevertheless, there are many wells, some in use and others
abandoned, that have not been repaired or plugged, that probably are con-
ducting highly mineralized water to fresh-water-bearing formations.

Highly mineralized water can be conducted through a well only if the head
of the salt water is higher than that of the fresh water. At present the
head in the Patapsco formation is higher than the head in the Patuxent for-
mation (Pls. 13 and 14); moreover, in the Sparrows Point district the head
in the upper part of the Patapsco formation (fig. 16) is higher than that in
both the lower part of the Patapsco formation and the Patuxent formation.
Thus within the area of contamination in the Patapsco formation highly
mineralized water may be conducted through leaking wells to the Patuxent
formation; and, chiefly in the Sparrows Point district, the lower part of the
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Patapsco formation, which is partly protected by a fairly cxtensive clay bed,
may be contaminated by leakage through wells from the upper part of the
Patapsco formation and from the Pleistocenc deposits.

In a large part of the industrial area ground-water supplies were first
developed from the shallow aquiters, chiefly the Patapsco formation, and for a
time the artesian head in the Patuxent formation generally was higher than the
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head in the Patapsco formation. Through overpumping, the water in the
Patapsco formation becamc contaminated with salt water from the Patapsco
River estuary and many wells drawing water from the Patapsco formation were
abandoned and were replaced with wells drilled to the Patuxent formation.
The reduction of pumping from the Patapsco formation and increasc in
pumping from the Patuxent caused the head in the Patapsco formation to be
higher than that in the Patuxent formation, so that contaminated water could
flow through defective wells from the Patapsco formation to the Patuxent
formation. Thus it has not been until recent years, when pumping from
the Patapsco formation was decreased, that defective wells caused serious con-
tamination in the Patuxent formation.

Highly mincralized water can lcak through or down the outside of the casings
of wells in an exceedingly complex manner; a few examples are shown
schematically in Figure 25. The manner in which salt water leaks should be
known before a well is repaired or plugged; hence, careful study of the con-
struction record of the well and field tests are necessary. Many such tests
were made but examples of only a few of these are included in this report
(figs. 26 and 27). Some of the field tests require the use of special instru-
ments that may not be readily available to industries or other well owners in
the area, but tests in which special instruments are not needed are often
adequate to determine the location of a leak in a well. Most of the methods
of locating salt-water leaks have been described in detail by Livingston and
Lynch (1937).

METHODS OF TESTING FOR SALT-WATER LEAKS IN WELLS

Four methods of locating salt-water leaks were used during the investiga-
tion, (1) the pumping-test method, (2) the electrical-conductivity method, (3)
the sampler method, and (4) the velocity method.

The pumping-test method consists of pumping a well and determining
the change in chloride content of the water discharged. The well is usually
shut down for several hours, then the well is pumped and samples of water
are collected every few seconds for several minutes, and at increasing time
intervals as the test progresses. The chloride content of the water in the
samples can be determined readily with a field outfit using silver-nitrate and
potassium-chromate solutions. The chloride content is plotted against time.
The time may be plotted on a logarithmic scale in order to condense the graph
to a reasonable size.

The shape of the chloride curve usually indicates whether the contamina-
tion is caused by direct leakage through the casing of the well, leakage through
nearby wells, or lateral encroachment of salt water into the fresh-water aquifer.

Ordinarily if the chloride content does not change significantly during the
test the contamination probably is either from distant leaking wells or from a
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formation that has been contaminated by lateral encroachment of salt water.
A sharp change in the chloride content indicates that either the pumped well
or nearby wells are leaking. In wells that are leaking salt water through an
opening in the casing below the bottom of the pump column, the approximate
depth to the leak can be determined by measuring the volume of water
pumped before the chloride rises abruptly and computing the depth in the
well equal to this volume. In order to determine the depth with reasonable
accuracy it is necessary to know the volume per foot of the pump cclumn
and casing, and the quantity of water withdrawn from the space between the
pump column and the casing during the period of pumping prior to the
sharp rise in chloride. Even under the best conditions this method of
computing the depth to a salt-water leak below the bottom of the pump
column may be correct only to a general order of magnitude. In several
pumping tests in the Baltimore area, however, it was noted that the sample of
water that came from the bottom of the well contained sediment or was
turbid; this provided a reference level for computing the approximate loca-
tion of salt-water leaks in the wells.

If a well has a salt-water leak in the casing, the maximum content of
chloride determined by the pumping-test method probably is nearly equal to
the chloride content of the contaminating water; with this figure the approxi-
mate rate of leakage may be determined. For example, if a well originally
yielded water containing 10 parts per million of chloride but after developing
salt-water leaks it yields, at a pumping rate of 100 gallons a minute, water
containing 40 parts per million chloride and the pumping-test method shows
a peak chloride content of 1,400 parts per million, the proportion of con-
taminating water would be 39,.,, or 2.1 percent. Thus the leakage is 2.1
percent of 100 gallons a minute or about 2 gallons a minute.

It is difficult to list criteria for interpreting chloride curves obtained by
the pumping-test method. Generally it is necessary to study the construction
record of the well, then to list all ways in which the well could be contamin-
ated and then to run pumping tests, sometimes with different periods of
shut-down before pumping. If the chloride curve shows an abrupt rise
shortly after pumping starts and before water from near the bottom of the
well reaches the surface, salt water probably is leaking into the well through
an opening in the casing. If the chloride rises abruptly at the same time water
from near the bottom of the well reaches the surface, salt water probably is
leaking down the outside of the casing. If the chloride curve shows a more
gradual increase and the time of the increase indicates that the salt water is from
outside the well, some nearby well probably is leaking. One pumping test
was made in the Highlandtown district to determine if a well was being
contaminated by leaking of acid water. The same principles described for
salinity pumping tests apply in the tests for leaking of acid water, except that,
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instead of the chloride content, the acidity (pH) of the water is determined,
by means of a field pH meter.

The rather general statements concerning the interpretation of the pumping
test data cannot be considered infallible. Several factors affect the character
of the chloride curve, and it is only through careful reasoning and with the
help of supplementary tests that the manner in which highly-mineralized water
leaks through wells can be determined accurately.

The electrical-conductivity method of testing for salt-water leaks is based
on the fact that the electrical conductivity of water increases in proportion to
its content of ionized substances in solution. As the contaminating water
in the Baltimore industrial area is composed chiefly of sodium chloride (salt),
the conductivity increases with an increase in salinity.  Several types of
apparatus have been used in the United States to measure the conductivity,
or the resistivity, of water in water wells (Poland and Morrison, 1940, Pp-
35-46; Livingston and Lynch, 1937, pp- 12-19), but all are fundamentally
alike.  The apparatus consists essentially of two electrodes attached to the
end of an electrical cable; the electrodes are lowered in a well and the con-
ductivity, or its reciprocal (resistivity), of the water between them is de-
termined either by use of a milliammeter or a Wheatstone bridge. The
equipment constructed and assembled for use in the Baltimore area was first
equipped with a non-recording milliammeter, but in order to achieve greater

accuracy and speed a recording milliammeter was installed later.

The electrical-conductivity method has the advantage of locating the position
of salt-water leaks more accurately than the pumping-test method, and in
some wells is especially useful to survey the condition of the well above the
bottom of the pump column; moreover, as it is not necessary to determine
the chloride content of the water by chemical analysis the method requires
much less time than the pumping-test method. Ordinarily a well must be
pumped for a period of time and then shut down for a few hours before
running a conductivity survey; consequently it usually is practicable to employ
both the pumping test and conductivity survey on the same well. If the well is
not equipped with a pump it may be necessary to discharge fresh water into the
well for several hours in order to condition it for a conductivity survey.

The conductivity, expressed in milliamperes, is plotted against the depth in
the well at which measured. Examples of conductivity curves are included
in Figures 26 and 27.

The sampler method, which was used primarily in conjunction with the
other methods, consists merely of collecting samples of water at different
depths in the well and determining by chemical means the chloride content
of the water. The samples were collected with a sampler, designed and con-
structed by Penn Livingston of the United States Geological Survey. The
sampler consists of a 2-inch-diameter pipe with leather flap valves in the
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upper and lower parts. This container is lowered in the well by means of a
cable and winch, to the desired depth, and then the cable is jerked several times
50 that the container moves rapidly up and down through a distance of about
3 feet. This movement alternately opens and closes the flap valves allowing
water to enter the container. As the container is pulled out of the well the
flap valves close tightly and prevent water from either escaping or entering.
The chloride contents of water samples, collected with this sampler, are in-
cluded in Figure 27.

The velocity method of determining salt-water leaks uses a sensitive Au
deep-well current meter. The current meter consists essentially of a turbine
wheel mounted on bearings in a metal cylinder. The upper part of the axle
of the turbine is so designed that at each revolution it makes electrical contact
with a small spring wire. The meter is placed in a 3-foot metal tube for
protection and is lowered in a well by means of a cable and winch. The meter
is connected electrically through the cable to a dry cell and earphones at
the land surface. At each revolution of the turbine wheel the circuit is
closed, causing a click in the earphones. By counting the number of revolu-
tions of the meter per minute, or some other period of time, the velocity
at which water is moving in the well may be computed from rating tables
prepared empirically by the National Bureau of Standards (1934). By use
of the current meter the rate at which salt water is leaking into a well and
the location of the leak may be determined. Although the decp-well current
meter was used extensively in the Baltimore area, it generally was successful
only in wells not equipped with pumps.

Another method of testing for salt-water leaks, which is used successfully
in the Baltimore area by the Shannahan Artesian Well Co., consists of first
plugging the screen of a well with fine sand and then discharging water into
the well at a uniform rate while progressively filling the well with sand. The
fine sand prevents water from flowing downward and out the screen; con-
sequently, if a well takes in water with the screen plugged the casing con-
tains one or more openings. Progressively filling the well and noting the
change in the rate at which water is taken in enables the depth of the open-
ings to be determined. After the test is completed the sand in the well is
readily forced out by circulating water or air through a small-diameter pipe.

Another method of locating leaks in wells but one that has not been used in
the Baltimore area is the temperature method. This consists essentially of meas-
uring the temperature gradient in a well by use of a sensitive electrical-
resistance thermometer. In a well that is not leaking the temperature would
increase progressively with increasing depth. However if water is leaking from
a shallow aquifer and moving down the well either inside or outside the casing,
the temperature gradient may be decreased appreciably in the depth interval in
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which the cooler water is moving. By noting the level at which the tempera-
ture gradient changes, the depth of the leak may be determined.

Other methods that use photoelectric cells or geophones have been applied
in other areas, chiefly for detecting leaks or movement of extraneous fluids
in oil wells, but these mcthods generally would not be practicable for testing
salt-water leaks in water wells in the Baltimore area.

In testing for the cause of salt-water contamination in wells it usually is
necessary to keep in mind the local hydrology and geology, as well as any
other factors that might have some effect on the origin and movement of salt
water 1nto the wells. For example, some of the tests made on well 3S4E-2
(Dundalk district), shown in Figure 26, are difficult to interpret without
knowledge of the geology and hydrology of the locality and the repair work
done previously on the well. In 1941 the ground adjacent to the well sub-
sided and simultaneously the chloride content of the water from the well
increased to more than 100 parts per million. Several small-diameter
test wells were drilled around the well and a cavity was encountered in one
boring at a depth of about 100 to 175 feet; 441/ tons of gravel was poured
into this cavity. As further protection against contamination, a slurry made
with 595 bags of cement was pumped undcr high pressure into a test boring
extending to a depth of about 80 feet. Apparently the filling of the cavity
and the cementing operation were partly successful, as the chloride content of
the water from the well is reported to have decreased to about 35 parts per
million. Some time after these repairs were made the chloride content in-
creased again and in October 1945 it was about 150 parts per million. In
order to dctermine the cause of this contamination two electrical-conductivity
tests and a pumping test were run on October 29, 1945 (fig. 26).

Well 3S4E-2 is about 300 feet deep and is screened in a part of the Patux-
ent formation at depth intervals of 234 to 249 feet and 264 to 294 feet. The
thickness of the geologic formations penetrated by this well cannot be deter-
mined accurately from the available well logs, but the Pleistocene deposits
probably extend from near the land surface to a depth of about 50 feet;
the Patapsco formation from about 50 to about 125 feet; the Arundel clay
from about 125 to about 200 feet; and the Patuxent formation from about
200 to about 400 feet. The pump column extends to a depth of 276 feet.
At the time of the tests, the static water level was 62 feet below the land
surface. As the well contained a pump, the electrical-conductivity tests neces-
sarily were run between the pump column and the casing. The first test was
run after the well had been shut down for about 24 hours. It shows that the

salinity of the water, between the pump column and the casing, was relative-
ly high from the water level at 62 feet to a depth of 122 feet; it then pro-
gressively decreased to a depth of 214 feet; then increased abruptly and
remained moderately high to the bottom of the well. After this test the well
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was pumped for 414 hours, during which time samples of water for chloride
tests were collected periodically. These analyses show that the well yiclded
water containing about 150 parts per million of chloride for about 114
minutes, then yielded water containing 50 to 70 parts per million chloride for
about 30 minutes, after which the chloride content gradually increased,
reaching about 150 parts per million after 2 hours pumping.

The well was shut down for 2 hours and then another electrical-conductivity
test was run to see if the pumping had caused any change. This test showed
that the salinity of the water between the pump column and casing was
relatively high from the water level to a depth of about 120 feet, then de-
creased sharply and remained relatively low to the bottom of the well. It is
not clear why the second conductivity test differed so much from the first test,
when the movement of water through the well due to pumping, except the
water displaced by the lowering of the static level, is through the pump
column and not through the space between the pump column and the casing.
Presumably after about 24 hours, the conductivity curve of another test would
be about the same as the curve obtained in the first test. A comparison of
the two curves indicates that, during pumping, the interval below a depth
of about 120 to 140 feet was freshened. This might be caused by a slight
leak in the pump column allowing fresher water to escape and move down-
ward in the well. The relatively high salinity from the water level to a
depth of about 120 feet may be caused by a very small leak through the
casing above GO feet, perhaps from the Pleistocene deposits; and the abrupt
increase in salinity at about 214 feet also may be caused by a leak in the casing,

A leak at this level would be opposite the Patuxent formation, which should
not contain high-chloride water, but it is possible that saline water might
move downward through one of. the test borings to this level and then enter
the well through an opening in the casing. Although the electrical-conduc-
tivity tests indicate small salt-water leaks through the casing of the well, most
of the contamination probably originates in either the Pleistocene deposits or the
Patapsco formation and moves down the deep test boring, which is about 10
feet from well 3S4E-2, and enters the aquifer screened in that well.

The salinity pumping test confirms this conclusion. The high-chloride
water pumped during the first 115 minutes of the test is from within the
pump column; as soon as water from within the aquifer enters the well the
chloride content decreases and remains low until water from a distance of
about 10 feet, the distance to the test boring, reaches the well; then the
chloride content of the water pumped increases gradually. The decrease in
chloride, after the water in the pump column is pumped out, indicates that
the water in the aquifer close to the well was freshened during the 24-hour
period of shut-down. The freshening probably was caused by the movement
of water through the aquifer toward well 3SSE-11, which is about 1,000 feet
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to the southeast. Well 3SSE-11, which was pumped heavily for many days
prior to the tests on well 3S4E-2, would have formed a cone of depression so
that water would flow through the aquifer past well 3S4E-2, thereby causing
the contaminating water from the test boring to move toward well 3SSE-11
rather than accumulate around well 3S4E-2.  As soon as well 3S4E-2 is
pumped a cone of depression is formed around it and, owing to the steep
hydraulic gradient near the well, the contaminating water moves quickly and
enters the well.

This summary of the problem of salt-water contamination in well 3S4E-2 is
an example of the difficulty of diagnosing the manner of leakage and source of
contamination in some wells and the importance of considering all factors that
may affect the leakage. Despite the complex manner in which wells may be

contaminated by leakage, the location of the leaks and the source of the
highly-mineralized water generally can be determined.

Fortunately, the contamination in many wells in the industrial area is caused
solely by leaks through the casing, and generally in this manner of contami-
nation can be readily determined. Examples of tests made on a well con-
taminated by leakage through the casing are shown in Figure 27. The well,
Bal-Gf 166 (Sparrows Point district), was equipped with an air-lift pump
and it was necessary to make the electrical-conductivity test within the dis-
charge pipe; as the discharge pipe extended to the lower part of the well, the
exact levels at which salt water was leaking could not be detected. The
sharp increase in conductivity of the water just below the discharge pipe
shows that salt water is leaking in the well through the casing. The locations
of these leaks could be determined by removing the discharge pipe and making
a conductivity test. The salinity pumping test also indicates that salt water
had accumulated around the well from leaks through the casing; after the
well was pumped about 10 to 15 minutes practically all this contaminated
water was removed.

In some wells the water-bearing beds containing high-chloride water are
not directly opposite the leaks in the casings, for some tests showed that salt
water was moving down the outside of a casing and then entering the well
at a lower level.

SUMMARY

In summary, the salt and acid contamination of wells and fresh-water
aquifers through leaking wells is one of the most serious ground-water prob-
lems in the Baltimore industrial area. Most of the major well fields in the
industrial area are being contaminated to some extent in this way, and many
unplugged abandoned and covered wells are leaking highly mineralized water.
Contamination from leaking wells is possible in any part of the area in which
the sediments above the Arundel clay are contaminated (Pl. 16).
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The quantity of highly mineralized water leaking into the fresh-water-
bearing formations is not known but probably is not large when compared to
the quantity of water pumped from the industrial wells. Nevertheless, a very
small quantity of highly mineralized water entering a well may make the
water pumped from the well unsatisfactory for certain industrial uses.

The quantity of contaminating water leaking through wells depends not
only on the number and size of the openings in the casings or along the
outside of the wells, but also on the difference in hydrostatic head between
the highly mineralized aquifer and the fresh-water aquifer. Other things
being equal, the contamination through leaking wells in the industrial area
will be greater with an increase in pumping from the Patuxent formation or
a decrease in pumping from the Patapsco formation.

The only practicable method of eliminating contamination through leaking
wells is to determine the location of the leaks and to repair the wells by
cementing or by reconstructing the defective part of the well and by plugging
abandoned wells. Industries in the Baltimore area realizing the seriousness
of contamination through leaking wells have repaired some production wells
and have plugged some abandoned wells, but many well fields contain old
abandoned wells, some of which are covered, that are not plugged and that
may be leaking. The maps showing the locations of wells (Pls. 1, 3, and 4)
include those wells which, according to available data, were not plugged 1n
1945. Many of the abandoned wells will be plugged in the near future;
for example, the Bethlehem Steel Co. in the Sparrows Point district is
engaged in a program of repairing all leaking production wells and plugging
old abandoned wells. It this is done in all the active well fields in the
industrial area where there is contamination through leaking wells the major
part of contamination through wells probably would be eliminated. There
remain, however, many wells in old abandoned well fields, chiefly in parts of
of the Harbor and Canton districts, that should be plugged in order to pre-
vent or decrease the spread of contamination from these old well fields.

Another method by which contamination through leaking wells may be
prevented or materially reduced is protective pumping. In many well fields
this is being done, perhaps unintentionally, for pumping from some wells
diverts contaminating water and prevents it from reaching other wells. In the
Sparrows Point district, pumping from the upper part of the Patapsco forma-
tion will eventually increase the salinity of the water in this aquifer in the
district; however this pumping decreases the leakage of water through wells

to lower aquifers. In other parts of the industrial area contamination of
the Patuxent formation through wells could be materially reduced by pumping
from the Patapsco formation, but such pumping should be considered only
as a last resort, as it would increase the salinity in the Patapsco formation
through local encroachment.




FACTORS AFFECTING "SAFE YIELD" OF THE AQUIFERS 173

Pumping of water at certain localities in the Canton district, from the
shallow aquifers and perliaps for a time from the Patuxent formation, might
remove a large part of the acid that has contaminated the aquifers there and
prevent the spread of contamination from the Canton district thereby event-
ually decreasing the acidity of the water in the southern part of the High-
landtown district. Moreover, this protective pumping would prevent acid
water from moving southeastward from the Canton district, if such movement
is taking place. Before such a plan is put into effect, it would be desirable
first to plug all the abandoned wells that can be located.

TEMPERATURE OF GROUND WATER

One of the most important uses of ground water in the Baltimore indus-
trial area is for cooling in certain industrial operations. The water is a re-
frigerant and serves as a means of storing and removing heat. Ground water
in this area is well suited for this use because its temperature is generally con-
sistent and is lower than the temperature of surface water in the summer.
Figure 28 shows the general range of ground-water temperature with depth.
The temperature ranges from about 55° to 64° F. and increases about 1°
F. for each 60 feet of depth. Below a depth of about 50 to 100 feet the tem-
perature is not appreciably affected by v-riations of atmospheric temperature
but above this depth the temperature may vary as much as several degrees
between winter and summer.

FACTORS AFFECTING THE “SAFE YIELD”
OF THE AQUIFERS

The safe yield of an aquifer is generally considered as the quantity of
water that can be withdrawn indefinitely without lowering the water levels
to uneconomical limits and without impairing the quality of the water. The
uses of ground water in the Baltimore area are so diverse that there is little
or no uniformity in its economic value and in the chemical iquality of the
water that can be used. Consequently, the application of the term safe yeld,
in the sense that it represents a single maximum permissible rate of pumping
for the area, would be entirely unrealistic. Although the quantity of water
that can be withdrawn safely from an aquifer may be dependent on economic
factors, it also depends on the rate of recharge, the transmissibility, and the
susceptibility of the aquifer to contamination; it is chiefly to these hydrologic
factors that the following discussion is devoted.

CRYSTALLINE ROCKS

The ground-water reservoir formed by the crystalline rocks generally is
limited to the outcrop area, where the reservoir, formed by the fractures and
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other secondary openings in the rocks, is recharged from local precipitation.
As streams have dissected the area to levels below the water table, the streams
are localities of natural discharge whereas the interstream areas are the lo-
calities of recharge. Hence the outcrop area is divided by the streams into
many small parts which for most practical purposes may be considered as
separate ground-water reservoirs with similar characteristics.

The quantity of water that can be withdrawn indefinitely from these
ground-water reservoirs depends chiefly on the quantity of water that is sal-
vaged by the pumped wells from the water that under natural conditions
would discharge into the streams. The quantity of ground water that dis-
charges into the streams depends on the quantity of water that enters the
reservoir as recharge, which in turn depends on the rate at which water from
precipitation enters the ground. That rate fluctuates in part seasonally be-
cause of varying demands of evapo-transpiration; hence the quantity of water
discharging naturally also fluctuates. Therefore, the safe yield of a ground-
water reservoir in the crystalline rocks varies somewhat in accordance with
the precipitation. That fluctuation in safe yield is more pronounced in the
crystalline rocks than in unconsolidated sediments because the crystalline
rocks have a relatively low porosity and are not capable of storing large
quantities of ground water.

In a practical sense, however, the most important limiting factor of the
safe yield in these ground-water reservoirs is the size and number of the
openings in the rocks, which determine the transmissibility. The trans-
missibility controls the quantity of water that can be transmitted to the
pumped wells, and as the transmissibility of crystalline-rock aquifers gener-
ally is relatively small, the quantity of water that can be pumped from a well
or well field accordingly will be relatively small; it may be considerably less
than the quantity of water that could be withdrawn safely from a large num-
ber of wells spaced at large intervals throughout the ground-water reservoir.

The development of ground-water supplies from the crystalline rocks in the
Baltimore area has not been extensive, and owing to the high cost of develop-
ment of large supplies the ground-water reservoirs probably will never be
utilized to their full capacity. Although the crystalline-rock reservoirs are
capable of yielding more water than is being withdrawn from them, pumping
from closely spaced wells may cause such excessive drawdowns that ulti-
mately the yield from a well field will not be much larger than the initial
yield of one well. In water-bearing material of such low transmissibility it
is better to space the wells as far apart as practicable. It is also desirable to
place the wells near a stream into which ground water is being discharged
naturally, for the nearer the wells are to the area of natural discharge the
more quickly is equilibrium established and the less the drawdown in the
wells. However the principal limiting factor in the development of water
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from crystalline rocks is the number and size of openings in them, and there-
fore preference should be given to those localities where it is likely that the
rocks are more permeable; fortunately usually the openings in such rocks
are relatively abundant in the areas of natural discharge.

PATUXENT FORMATION

The water withdrawn from the Patuxent formation is derived from recharge
on the outcrop of the formation. The water that is added by recharge is
transmitted down the dip to localities or areas of discharge. From this it
might be supposed that the quantity of water that can be developed from the
Patuxent formation is entirely dependent on the rate of recharge; actually,
however, there are other limiting factors. The potential rate of recharge to the
Patuxent formation in the Baltimore area is not known. Barksdale (1937, p.
16) estimated that about 20 inches of the annual precipitation was available
for recharging the Farrington sand member of the Raritan formation in New
Jersey; moreover, Barksdale (1943, p. 84) indicates that this figure should
also apply reasonably well to the Old Bridge sand member of the Raritan
formation in New Jersey. The rate of precipitation in the area studied by
Barksdale is practically the same as that in the Baltimore area, and the
general character of the sediments and conditions for recharge are similar;
therefore it does not seem unreasonable to conclude that the potential rate of
recharge to the Patuxent formation in the Baltimore area is approximately the
same. On that basis, the potential average rate of recharge is about 1,000,000
gallons a day for each square mile of the outcrop area. It is difficult to
determine the width of the outcrop that would be effective as an intake area;
however a rough estimate of the average is 2 miles. This figure probably
is too large for some parts of the outcrop area, but in places in the outcrop
area the pre-Cambrian crystalline rocks are hydrologically connected to the Patux-
ent formation so that the effective width is larger than the width of the outcrop
of the Patuxent formation alone. Assuming these figures to be correct, the po-
tential rate of recharge to the Patuxent formation would average about 2,000,-
000 gallons a day for each mile of the outcrop measured along the strike.

According to the flow-net analysis of the piezometric contours (Pl. 7) the
transmissibility of the Patuxent formation is about 20,000 in the Back River,
Highlandtown, and Canton districts, near the outcrop, and averages about
50,000 farther down the dip in the Sparrows Point, Dundalk, Curtis Bay, and
Fairfield districts. The maximum quantity of water that theoretically could
be transmitted down the dip from the outcrop area would be determined chiefly
by the lower transmissibility immediately down dip from the outcrop area
and the maximum hydraulic gradient that could be established in that part
of the formation. The maximum hydraulic gradient that theoretically could
be developed throughout the area, without dewatering the artesian part of the
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formation and thereby decreasing the transmissibility, would be equal to the
dip or slope of the top of the formation which is about 60 feet to the mile.
If the average transmissibility of 20,000 determined for these industrial dis-
tricts near the outcrop area is representative of the transmissibility in and near
the outcrop of the Patuxent formation throughout the Baltimore area, then
the theoretical maximum quantity of water that could flow down dip from each
mile of the outcrop would be 20,000 x 60, or 1,200,000 gallons a day. This
quantity is less than the estimated maximum recharge rate of 2,000,000
gallons a day in each mile of the outcrop; consequently it appears that the
rate of recharge is not an important factor in limiting the quantity of water
that can be withdrawn from the artesian part of the Patuxent formation. At
present most of the large ground-water developments are in the artesian
part of the formation. Even if the rate of recharge is very low during a
dry year, as it may well be, the water withdrawn by wells can be derived from
the very large quantity of water stored in the outcrop area; hence a dry period
of one or even several years will have no significant effect on the quantity
of water that can be pumped in the artesian part of the formation.

To develop the maximum flow of water from the outcrop in the Baltimore
area by lowering the artesian head to the top of the Patuxent formation would
require a very large number of wells spaced uniformly and pumped at low
rates; such a costly method of development would not be at all practicable
and it is not likely that the Patuxent formation, when considered in its entirety
in the Baltimore area, will ever be developed to its maximum capacity.

At present, the pumping from the Patuxent formation in the Baltimore
area is largely concentrated in the industrial area in and near Baltimore (fig. 8),
and the pattern of pumping is controlled by factors that have controlled the
location of industries. Many factors govern the location of industrial plants,
but in this area the economic advantage of ready access to port facilities for
seagoing vessels has been the chief cause of the dense industrial development
around the Patapsco River estuary. Thus the location of most of the ground-
water dcvelopments in the Baltimore area has been controlled indirectly by
this economic factor.

As a large percentage of the pumping from the Patuxent formation in
the Baltimore arsa is concentrated in the relatively small part of the area
in and near Baltimore, if considered solely with respect to hydrologic prin-
ciples, the development of water resources in the Patuxent formation has
been largely inefficient. Furthermore, within the industrial area in and near
Baltimore the pumping is concentrated in certain localities. The concentrated
pumping has caused the artesian head or water table to be relatively low in
and near the centers of pumping. Although a lowering of artesian head or
water table is necessary to create a hydraulic gradient toward the wells, there
is an ill-defined limit below which it is not economically feasible to lower



178 GROUND-WATER RESOURCES OF THE BALTIMORE AREA

the head. In the industrial area, where both water-table and artesian conditions
exist in the Patuxent formation, this lower boundary cannot be determined
accurately. The lower the water levels in wells the greater the cost of pumping;
however, the cost of pumping apparently has not been a limiting factor in
the industrial ground-water developments in the Baltimore area. Nevertheless,
in the outcrop area a lowering of the water table in the aquifer causes a
decrease in the saturated thickness of the aquifer which decreases the trans-
missibility. As the saturated part of the aquifer decreases in thickness the
transmissibility will finally become so small that a further lowering of water
level will not increase the yield appreciably. Although the exact position
of this lower limit is not known accurately, it is likely that the position of
the water table in and near the centers of pumping in the Back River and
Highlandtown districts is so low that little additional water can be pumped
from the major well fields in these districts. Plate 17 shows the position
of the water table and artesian head in the Patuxent formation in the industrial
area. According to this diagram the water table at the principal centers of
pumping in the Highlandtown district is only about 30 to 50 feet above the
bottom of the formation; it is about 50 feet above the bedrock in the center
of pumping in the Back River district. In the areas between the centers
of pumping in these districts the water table is as much as 130 feet above
the base of the aquifer, showing the pronounced local effect of concentrated
pumpage and showing that a more uniform distribution of pumping would
permit a higher total rate of withdrawal in these districts.

Except near the outcrop area, in the artesian part of the aquifer in the
industrial area the lower limit to which it would be hydrologically feasible to
lower the artesian head is marked by the top of the Patuxent formation.
If the artesian head is lowered below the top of the formation the aquifer
will be partly dewatered and the transmissibility will decrease. Although the
draining of water from the sediments would make available an additional
increment of water, the gain would be only temporary for the water would
be largely derived from storage. The dewatering of the aquifer in the artesian
part of the area would indicate that more water is being withdrawn than is
flowing toward the center of pumpage from the outcrop area. Thus the top of
the Patuxent formation marks the lower limit to which it is hydrologically
feasible to lower the artesian head in the Patuxent formation; however, in
some parts of the area the cost of pumping water from that depth may be
uneconomical. In the Sparrows Point district the top of the water-bearing
material in the Patuxent formation may be as deep as 500 feet, and 2 pumping
lift of this magnitude might be too costly for some uses. This factor, however,
is variable, depending on the cost of other sources of water and on other
economic factors.

The position of the artesian head with respect to the top of the Patuxent
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formation is shown in Plate 17. The only places where the artesian head has
been lowered to near the top of the Patuxent formation are in the Curtis
Bay and Fairfield districts in and near the centers of pumping; in the Curtis
Bay district the artesian head, at the centers of pumping, is about 25 feet
above the top of the formation. In the Dundalk district the artesian head
is about 50 to 75 feet above the top of the aquifer at the centers of pumping,
and in the Sparrows Point district it is about 300 feet above the top of the
aquifer at the centers of pumping. Thus, disregarding economics, the only
parts of the artesian aquifer in the Patuxent formation that appear to be
developed to near the maximum are at the major well fields in the Curtis
Bay and Fairfield districts. However, Plate 17 shows clearly that the practice
of pumping from groups of closely spaced wells is hydrologically inefficient.
For example, in the Curtis Bay district the artesian head is only about 25
feet above the top of the aquifer in and near the centers of pumping, but
within a distance of half a mile to a mile from these centers the artesian
head is as much as 150 feet above the top of the aquifer. Additional water
could be pumped from the Patuxent formation if the wells were spaced at
greater distances. However, the cost of installing the long pipe lines that
would be required for widely spaced wells might be prohibitive in the
industrial districts which contain many buildings, paved streets, and other
cultural developments.

Plate 17 shows that the depth below the land surface to the top of the
Patuxent formation increases to the southeast at the rate of about 60 feet to
the mile and in the Sparrows Point district it is as much as 500 feet deep.
Where the top of the formation is at a considerable depth below the land
surface it is possible to pump at a higher rate without dewatering the aquifer
than where the top of the aquifer is at a shallower depth. Thus the pumpage
from the Patuxent formation in the Sparrows Point district could be more
than doubled without causing dewatering of the aquifer in that district,
but this increased pumpage would cause an additional decline in head or
decrease in yield of other wells in the Patuxent formation in the area.

The pumping of water from the Patuxent formation in the industrial
area has lowered the water table below the level of the Patapsco River estuary
in the Harbor district and consequently the formation is being contaminated
with salt water through local encroachment. As a result, some industries
have been forced to obtain water from the Baltimore public supply, and
others have found that the contaminated water can be used only for certain
cooling operations. Though in this respect pumping from the Patuxent
formation in the industrial area has exceeded the safe yield, certain factors should
be considered before it is deemed advisable to decrease the pumping sufficiently
to stop the encroachment of salt water. The salt-water encroachment largely
originates in the Harbor district and, although pumpage from all the districts
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in the industrial area has contributed to the decline in the artesian head
and water table in the Harbor district, the heavy pumping in that district
and previously in the Canton district, has been the major cause of the decline
in head and resulting salt-water encroachment. If pumping in the Harbor
district were stopped it would permit the salt water already in the formation
to move more readily to the centers of pumping in the other industrial
districts.  The salt-water contamination could be largely stopped by con-
structing  artificial-recharge wells at certain localities and building up the
head above the level of the Patapsco River estuary in the localities where
there is encroachment. It would be necessary also to construct wells some
distance down dip from the recharge wells to divert the contaminated water
already in the formation. Before such a proposal could be determined to
be practicable, it would be necessary to have more detailed geologic and
hydrologic data than are now available. Under present conditions or until
remedial measures are devised, the pumping in the Harbor district should
not be reduced even though it is inducing salt-water epcroachment from the
Patapsco River estuary.

In summation, the only part of the Baltimore area in which the Patuxent
formation is heavily developed is in the industrial districts in and near Balti-
more. There is no single maximum quantity of water that can be pumped from
the Patuxent formation in the industrial area, because economic factors, chiefly
cost of development, are the major limitations on the quantity of water that
can be pumped. In the industrial area as a whole the pumpage could be
increased appreciably by spacing the wells more uniformly throughout the
area. However, it would not be desirable to increase pumping near the
major centers of withdrawal in the Fairfield, Curtis Bay, Highlandtown,

and Back River districts. The desirability or feasibility of pumping additional
quantities of water from the Patuxent formation in other parts of the industrial

area is largely a matter of economics. An increase in pumping from the
Patuxent formation from existing well fields or new developments will either
lower the head or decrease the yield of other wells in the Patuxent formation
in the area. Although the theoretical effect of pumpage can be evaluated
the economic impact on any industry or other well owner is a factor that
cannot be measured by hydrologic formulas.

PATAPSCO FORMATION

The water pumped from the Patapsco formation, like that from the Pa-
tuxent formation, is derived from recharge in the outcrop area. Conditions
for recharge to the Patapsco formation are excellent and the potential rate
of recharge is as high, if not higher, than that of the Patuxent formation.
The outcrop of the Patapsco formation generally is sandy and the land surface
is gently rolling. These factors, in addition to the relatively large size
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of the area of outcrop, indicate that the potential recharge may be very large
and is not a significant factor in limiting the safe yield of the formation.

The transmissibility of the formation and the hydraulic gradient produced
by pumping are the chief limiting factors in determining the quantity of water
that can be transmitted from the outcrop to the artesian part of the formation.
The transmissibility of the aquifers in the formation probably is extremely
variable, but in general the transmissibility probably is less than that of
the Patuxent formation.

The Patapsco formation is incised by estuaries tributary to Chesapeake
Bay, so that the aquifers are susceptible to contamination by salt water. In
the industrial area heavy pumping from the Patapsco formation has caused
local encroachment of salt water, chiefly from the Patapsco River estuary,
and, although pumping has been reduced greatly since 1942, the artesian
head or water table is still below the level of the estuary in 2 large part of
the industrial area. Thus the safe yield of the Patapsco formation has been
exceeded; however, as for the Patuxent formation, it is necessary to consider
several factors before concluding that it would be desirable to decrease or
stop the present’ pumping, which is chiefly in the Sparrows Point district,
in order to prevent salt water from entering the formation. Even if pumping
were stopped completely so that the artesian head or water table would rise
above the level of the estuary, it would take a long time, perhaps many
decades, for the contaminated water to be flushed out of the aquifers in the
Patapsco formation in the industrial area. Moreover, the increase in artesian
head in the formation would increase the flow of contaminating water to
the Patuxent formation through leaking wells. With the present rate and
distribution of pumping from the Patapsco formation, the area of con-
tamination probably will not increase much beyond its present size. It is
fortunate that the only remaining major pumping from the Patapsco formation
is in the Sparrows Point district, which is farther down the dip of the forma-
tion than any of the other industrial districts, so that the contaminating water
is diluted considerably by inflow of fresh water; moreover, according to the
piezometric contours in Plate 14, the pumping in the Spartows Point district
causes fresh water to move from the southwest toward the Curtis Bay and
Faitfield districts. It is possible therefore that in time the degree of con-
tamination in the Curtis Bay and Fairfield districts may decrease.

In the Sparrows Point district one is faced with the difficult question of
whether it is more desirable to utilize the water with its accompanying economic
benefits but also with continued encroachment of salt water into the formation,
or whether it is more desirable o reduce the pumping greatly or stop it en-
tirely with the expectation that the contaminating water would be flushed
out of the area after a period of many decades. In any event, it would not
be desirable to reduce or stop the present pumping until the wells that leak
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salt water to the Patuxent formation have been repaired or plugged.

As the existing pattern of ground-water flow in the Patapsco formation
is such that eventually the contamination in the Curtis Bay and Fairfield
districts may decrease, it would not be desirable to pump large quantities of
water from the formation in those districts, or immediately southwest of them,
as the direction of flow might be reversed, thereby increasing the degree
of contamination. This might seem incongruous with the possible desirability
of continuing the present pumping in the Sparrows Point district; however,
the Curtis Bay and Fairfield districts, and also the Dundalk district, are
farther up dip, and it is likely that pumping from the Patapsco formation
in these districts eventually would cause a much greater degree of con-
tamination than that due to pumping in the Sparrows Point district.

PLEISTOCENE DEPOSITS

In this area the upland unit of the Pleistocene deposits is so limited in areal
extent and so little utilized for water that the factors concerning safe yield
cannot be evaluated. The lowland unit of the Pleistocene deposits occupies
a large part of the northern half of the Baltimore area, but the sediments are
so irregular in thickness and in content of water-bearing material that it is not
possible to consider them as forming a single extensive ground-water reservoir.
For this reason it generally is necessary to consider each small locality or
ground-water development when evaluating the factors affecting the safe yield.

At present pumping from the lower unit of the Pleistocene deposits in the
industrial area is relatively small, so that the question of safe yield is not
important. Many years ago, some water was pumped from the unit in the
Spatrows Point district but because of encroachment of salt water pumping
was stopped. In those parts of the area that are near salt water in the
estuaries or Chesapeake Bay, the Pleistocene deposits are very susceptible to
contamination by salt water which is the limiting factor of the safe yield.
In the parts of the area some distance from salt water, however, the safe
yield probably is limited chiefly by the transmissibility. In one locality in the
industrial area, near St. Denis, the safe yield of the Pleistocene deposits is
increased as a result of induced infiltration of water from the Patapsco River,
which at this locality is fresh. The well (Bal-Gc 1) is of the collector type
and is close to the river. Records of the temperature of the water from the
well and from the river indicate that a large part of the water pumped is
derived from the river.

ARTIFICIAL RECHARGE

One method by which the safe yield of an aquifer may be increased is
by causing recharge artificially. Artificial recharge is being practiced in several
places in the United States and Europe (Meinzer, 1946; Sayre and Stringfield,
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1948) but has not been practiced in the Baltimore area, although the possibility
of its use has been considered by at least two industries.

Attificial recharge may be employed directly by either of two methods, (1)
recharge by applying water at the land surface, or in ponds or basins, and (2)
recharge through wells. An aquifer can be recharged by surfacc application
only where the aquifer is exposed so that the water may move readily down-
ward to the zone of saturation. In the unconsolidated sediments in the
Baltimore area the aquifers are directly exposed in the outcrop areas. How-
ever, as the potential rate of natural recharge on their outcrops does not
limit the quantity of water that can be pumped in the area, artificial recharge
by water spreading would not increase the safe yield of the aquifers.

Artificial recharge by introducing water through wells in or near the
centers of pumping would, however, increase the quantity of water available
for use, but in addition to economic factors several hydrologic factors should
be considered before such a practice is started.

One of the major uses of water in the industrial arca is in cooling. Some
industries that use water from the Baltimore public supply in addition to
ground water find that the public-supply water generally is too warm during
the summer for some cooling operations. Consequently, there is an increased
demand for the cool ground water during the summer. In those localities
where ground water has been developed extensively it may be difficult to
obtain the additional ground water without drilling wells at a relatively
long distance from the present well fields. Where such conditions occur
it might scem advantageous to attempt to storc water from the public supply
in the aquifer during the winter, when the water is cold, for use during
the summer. However, approximately the same advantage would be gained
by reducing pumping of ground water during the winter and making up
the difference through the direct use of public-supply water, thereby avoiding
the substantial cost of introducing water into the aquifer and later pumping it
out. The decrease in pumping from wells during the winter would cause the
artesian head or water table to rise so that morc ground water could be
pumped during the summer when the public-supply water is warm. It should
be emphasized that, until all wells that leak highly mincralized water in
or near a well field are repaired or plugged, the pumping from wells should
not be stopped completely, for the leakage of highly mineralized water vcould
continue during the period of no pumping and would increase the mineral
content of the water in the aquifer.

It is possible that the temperature of water in cooling opecrations for some
industrial processes is so critical that it may be economically feasible to store
public-supply water in the ground during the winter, when it is colder than
ground water, for use during the summer. If this is done, it generally would
not be advisable to recharge the Patapsco formation where it contains highly
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mineralized water, as the resulting increase in head would cause an increase in
contamination of the Patuxent formation through leaking wells. If it is
desired to recharge the aquifers artificially with cold water for use several
months later, it probably would be advisable to construct the recharge wells
at a distance of at least several hundred feet from any wells from which ground
water is pumped during the winter, in order to avoid pumping the cold water
out before summer comes.

One of the requisites of a good location for a recharge well is to put it
where the static water level is low, thereby permitting a large build-up of
the hydrostatic head. Artificial recharge through wells may involve several
difficulties. The screen, or the aquifer immediately outside the screen, may
become partly clogged with fine sediment (Brashears, 1946, p. 510), mineral
compounds, and bacteria and algae, reducing the input capacity of the well.
Recharge wells may, therefore, occasionally require cleaning,

As artificial recharge through wells in the industrial area involves many
economic and hydrologic factors, no conclusion can be reached as to its
feasibility that wouid apply with equal force to all parts of the area. It would
be prudent, however, for industries, particularly those requiring cold water
for cooling, to consider carefully the possibility of utilizing artificial recharge
to increase their supply of cold water for use during the summer.

THEORETICAL EFFECT OF PUMPING ON ARTESIAN HEAD

Before the development of large ground-water supplies in the Baltimore
area, the principal aquifers were in a state of dynamic equilibrium.  The
water that entered the aquifers, chiefly in the outcrop areas, was discharged

naturally by movement through the confining beds in the artesian parts of the
aquifers. The withdrawal of water by wells is an additional discharge from

the previously balanced hydraulic system. Thus with the additional discharge
from the system through wells, either the aquifer must receive more recharge
or the natural discharge must be reduced by an amount equal to the pumpage,
before the system will be stabilized and again be in dynamic equilibrium.

Under natural conditions the quantity of water flowing through a unit
cross-sectional area of the aquifers in the Patuxent and Patapsco formations
was relatively small and therefore the natural discharge per unit area was
correspondingly small.  Owing to the small rate of natural discharge from the
artesian part of these aquifers, the major component in restoring these hy-
draulic systems to dynamic equilibrium after pumping began was necessarily
an increase in the rate of recharge. The natural discharge cannot be de-
creased, nor the recharge increased, unless the hydraulic gradient is changed
in the areas of discharge and recharge.

When a well ending in an artesian aquifer is pumped, the artesian head
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around the well declines to form a cone of depression, with the apex or
deepest part of the cone at the pumped well. Before the cone of depression
can become stable it must deepen and expand until it causes a reduction in
the natural discharge or increase in the recharge equal to the quantity of water
pumped from the well. In the Patuxent and Patapsco formations in the
Baltimore area the unit rate of natural discharge is small so that the cone of
depression will expand until it reaches the recharge area. By thus increasing
the hydraulic gradient, the flow of water from the recharge area will increase
by an amount approximately equal to the pumpage. In the Baltimore area
this additional increment of water probably is gained chiefly by a reduction
of ground water flowing into streams crossing the outcrop of the aquifer.

The water pumped from an artesian aquifer during the period in which
the cone of depression is expanding and deepening is derived from storage
within the artesian aquifer. Although the sediments are not drained of

water as they ate when the water table declines in an unconfined aquifer,
the artesian aquifer and the water it contains are slightly elastic; when the
head is lowered, a little water is squeezed out of storage by compaction of
the fine sediments, and the water itself expands slightly. The released water,
the amount of which is determined by the coefficient of storage, and the co-
efficient of transmissibility are the controlling hydrologic factors that deter-
mine the rate of growth of a cone of depression, and accordingly the amount
and rate of decline in artesian head caused by pumping.

The theoretical decline in hydrostatic head at any distance and within any
length of time after pumping is started can be computed by the Theis nonequili-
brium formula. Even though aquifers do not conform completely to the
assumptions on which this formula is based, it has been demonstrated that
in aquifers that are reasonably uniform the formula may be used to determine
fairly accurately the changes in hydrostatic head accompanying changes in
pumping (Guyton, 1942, pp. 40-48).

As the aquifers in the unconsolidated sediments in the Baltimore area are
extremely variable and have a wide range in transmissibility, conditions are
not favorable for using the Theis nonequilibrium formula to predict changes
in head over a large area or during long periods of time; nevertheless, the
formula serves as a means of evaluating hydrologic conditions.

By using the coefficients of storage and transmissibility within the range
determined by the most reliable pumping tests and the flow-net analysis, appli-
cation of the Theis formula indicates that there has been ample time for the
major cone of depression formed in the Patuxent formation to reach the
outcrop of the aquifer and to induce additional recharge. As the present rate
of recharge still is less than the potential rate, the hydraulic system is in
equilibtium. If pumping from the formation is continued at the same rate
and at the same localities, the water levels in wells ending in the Patuxent
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formation will not decline appreciably in the future. This conclusion is
supported somewhat by the records of water-level fluctuations in observation
wells; however, the records are so short and the fluctuations so pronounced,
owing to intermittent changes in the rates of pumping, that it is difficult to
determine the trend of the water levels accurately.

The mathematical theory of ground-water hydraulics and the observed water-
level fluctuations show clearly that pumping from aquifers such as the Pa-
tuxent and Patapsco formations has a wicespread effect on the hydrostatic
head; consequently pumping from one well eventually will affect most or all
of the other wells ending in rhe same aquifer. Thus, if an additional quantity
of water is pumped from an existing or a newly developed well field, there
will be some decline in head or reduction of yield at all or nearly all other
wells ending in the same aquifer. If the distance from the new center of
pumping to the affected weclls is great, the amount of decrease in head or
yield may be inappreciable, but in the Baltimore industrial area most of the
well fields are sufficiently close to each other that appreciable interference
results from new withdrawals.

The Theis formula generally is useful in evaluating the magnitude of this
interference; however the hydrologic characteristics of the major aquifers
in the Baltimore area are so irregular that the formula can be used only over
relatively small areas to predict approximate decreases in head due to pump-
ing. When a well is pumped the head docs not decline at a uniform
rate; for example, Figure 29 shows the theoretical increase in drawdown
in an infinite aquifer having certain characteristics during a period of 1,000
days after pumping starts. Assuming the coefficients of transmissibility
and storage to be, respectively, 50,000 gallons a day per foot, and 0.00026,

at a distance of 1 foot from the pumped well, the theoretical drawdown
at the end of 1 day after pumping starts is 72 percent of the total drawdown at

the end of 1,000 days of pumping; the drawdown at the end of 100 days is
91 percent of the total. The assumed coefficients used in constructing the
graph in Figure 29 are within the range of coefficients determined for the
Patuxent formation in the Baltimore industrial area, They show clearly that
a large part of the total drawdown in a pumped well ending in the Patuxent
formation in the industrial area occurs within a few days after pumping
starts. The drawdown at greater distances from the pumped well, however,
will occur less quickly. A considerable period of time may pass before the
water level in a distant well is affected at all.

The coefficient of transmissibility of the Patuxent formation was deter-
mined by flow-net analysis to range from 16,500 gallons a day per foot in
the Back River district to 70,000 in the Dundalk-Canton district (Table 9)
and the coefficient of storage in the artesian part of the aquifer was deter-
mined by pumping tests in the Sparrows Point district to be 0.00026. Using
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this coefhicient of storage and using coefficients of transmissibility ranging
from 15,000 to 75,000, a series of curves was constructed (fig. 30) showing
the theoretical drawdown at distances of 1 to 10,000 feet after pumping at
the rate of 1,000,000 gallons a day for 1 year. The graph serves only as
a guide in evaluating the general order of magnitude of decline in water
levels that would occur with an increase in pumping. The theoretical drawdown
is directly proportional to the pumpage. If the pumping rate is 500,000
gallons a day the drawdown would be half that shown in Figure 29. The
drawdown given for a distance of 1 foot from the pumped well should not
be considered to represent the drawdown in the pumped well, for the cffi-
ciency of the well—the loss in head in the screen, etc.—has considerable
effect on the total drawdown in the pumped well.

The theorctical drawdowns shown in Figure 30 are computed on the
assumption that the aquifer is infinite. Obviously the Patuxent formation
is not infinite; indeed, one boundary, marked by the outcrop of the formoation,
is within a relatively short distance from the pumped wells. Where conditions
are ideal the effect of boundaries in an aquifer can be computed mathematically
(Muskat, 1937, pp. 186-192; Theis, 1941); however, the coefficient of
transmissibility of the Patuxent formation has such a wide range that, in
effect, there are many boundaries, and to correct the drawdowns only with
respect to the boundary marked by the outcrop would be meaningless. It is
likely that the most accurate method of determining the theoretical drawdowns
in the Baltimore area, taking into consideration the variation in transmissibility
and the boundary conditions, would be through the use of elaborate electrical
models as has been done in determining the theoretical decline in pressure of
oil reservoirs (Bruce, 1942, 1943).

WELL-CONSTRUCTION METHODS

The development of large ground-water supplies has been made possible
chiefly through the development of efficient well pumps and the improved
methods of drilling and constructing wells. Few wells were drilled in the
Coastal Plain part of the Baltimore area until J. N. Bolles, using a drilling
technique invented by him, began drilling wells about 1853 (Tyson, 1860).
The drilling equipment generally used consisted of a boring tool shaped like
a large corkscrew that was inserted inside a pipe or casing. The screw was
turned either by hand or by steam power, and the pipe or casing was forced
down with hcavy levers.

Later the cable-tool percussion method and still later the rotary method
came into general use for drilling industrial wells. In the cable-tool method
a series of blows is struck against the bottom of the hole with a heavy tool
or bit with a cutting edge. The bit assembly, which is attached to a rope
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or steel cable, is raised and then dropped by the action of a rocker arm
on the drilling rig. After the material at the bottom of the hole is loosened
it is removed in a long, narrow bucket with a flap valve in the bottom
called a bailer. In the unconsolidated sediments it usually is necessary to install
casing as the hole is deepened in order to prevent the sediments from caving.
In the arca underlain by crystalline rocks, casing is generally needed only
through the weathered zone near the surface.

The drilling of deep industrial wells by the cable-tool method in uncon-
solidated sediments frequently met with dithculties, and, in comparison with
the rotary method now generally used, required a long time for completing
a well.  Morcover, it frequently became difficult to drive casing beyond a
certain depth, and to go deeper it was necessary to reduce the size of the
bit and drive a smaller casing inside the larger casing. In the Baltimore area
some old industrial wells drilled by the cable-tool method have as many as
four strings of casing.

By about 1930 the principal drillers of industrial wells in the Baltimore
area had abandoned the cable-tool percussion method in favor of the hydraulic-
rotaty method. The hydraulic-rotary method of drilling consists of rotating
a cutting tool or bit attached to the bottom of a string of hollow drill rods.
The drill-rod and bit assembly is rotated by machinery at the floor of the
drilling rig and a viscous mud fluid is pumped downward through the drill
rod and is ejected through holes in the bit. The rotation of the bt on the
bottom of the hole loosens the sediments, and the mud fluid, which returns
to the surface through the space between the drill rod and the wall of the
well, carries the sediments out of the hole. On the surface the mud fluid
is conducted to a settling basin or mud pit, where the sediments settle out;
then the mud fluid is recirculated through the drill rods in the well, The
circulation of the mud fluid builds up a relatively impervious covering on the
wall of the well, and the column of dense mud fluid exerts a pressure against
the sediments, preventing them from caving. Thus by the rotary method
a hole may be drilled without inserting casing.

The rig used to suspend the drill-rod assembly in the hole varies somewhat
in accordance with the depth and diameter of the well to be drilled.  Small-
diameter wells may be drilled with a truck-mounted rig having a mast that
may be telescoped and folded down for easy transport. Large-diameter
industrial wells in the Baltimore area, however, require the use of much
heavier rigs. One of the principal well drillers in the Baltimore area assembles
a wood derrick at each well site (Pl. 25 A).

Several types of cutting tools or bits are used in rotary drilling but the
type used most commonly in the Baltimore area is the rock bit (PL. 26 A).
This bit, which consists essentially of three cone-shaped rollers containing
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several rows of cutting teeth, penetrates sand and gravel very quickly and
is particularly useful in cutting through the thin layers of indurated rock
in the sediments in the Baltimore area.

The principal advantages of the rotary-drilling method for industrial wells
penetrating unconsolidated sediments are the speed and ease of drilling large-
diameter wells, and the practicability of readily developing more than one
water-bearing zone in a single well. The rotary-drilling method generally
is not a practical method for drilling wells in the hard crystalline rocks;
in that part of the area wells are drilled almost exclusively by the cable-tool
method.

Domestic and farm wells in the unconsolidated sediments are generally
drilled either by the cable-tool method or by the jetting method. In the

jetting method water is forced under pressure down a 1- to 2-inch diameter
pipe, which may have a small chisel-type cutting tool on the end. The hole

is drilled by raising and lowering the pipe, which loosens the sediment at
the bottom of the hole, and the cuttings are returned to the surface by the
water that flows out the bit, then upward outside the drill pipe. The method
thus combines some of the features of the cable-tool and rotary methods. In
loose, unconsolidated sediments the action of the water jetting from the
bit deepens the hole more than the pounding action of the bit. The jetting
method is well adapted to the drilling of wells for domestic use because it
is quick and relatively cheap. It is not a satisfactory method, however, for
use in large-diameter industrial wells or for drilling hard rocks.

Many industrial wells in the Baltimore area, constructed by the cable-tool
method 25 to 30 years ago, are still in use. Most of these wells were started
with 8- or 10-inch casings, but in some the surface casing is 12 inches in
diameter. In many of these wells the casing was reduced in size several times
during drilling, and in some the screen diameter is only 41/ inches although
the surface casing is 12 inches. In some of these wells the screen consists of
punched or slotted pipe of low efficiency in admitting water; this, together
with the relatively small diameter of the pipe, makes the wells less productive
than wells having the large-diameter commercial screens installed in recent
years. Most of the older cable-tool wells are equipped with air-lift pumps
(PL. 25 B) which have a wide range in performance, depending on depth of
submergence of the eductor pipe, volume of air, and other factors.

The industrial wells drilled by the rotary method were constructed in
several ways. In general, the practice has been to drill first a small-diameter

test or “pilot” hole so that thc depth and thickness of the permeable water-
bearing zones can be determined. The hole is then reamed to a large diameter
extending to near the top of the aquifer; casing is inserted in the hole, extending
to near the top of the screen, and the annular space between the casing and
the wall of the well is cemented to protect the casing from corrosion. Before
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the casing is cemented, the part of the hole in the aquifer is backfilled with
sand to the top of the aquifer to prevent the cement from entering the permeable
water-bearing zone. Finally the aquifer is drilled out and screens are lowered
through the casing and set opposite each of the permeable sand and gravel
beds. The screen assembly and the well casing overlap; the small annular
space between them generally is closed with a lead seal or ring attached to
the top of the screen assembly. The lead seal is swedged out tightly against
the well casing.

Many of the rotary-drilled industrial wells are artificially gravel-packed
to increase the effective diameter of the well and to prevent fine sand from
entering the well. The gravel packing has been done by several different
methods. One method, not in common use at present, is to drill from two
to four gravel-conducting wells, 4 to 6 inches in diameter, a few feet from
the large-diameter production well. The gravel-conducting wells are drilled
to the top of the aquifer and, as the production well is surged and pumped
to remove the finer water-bearing material, gravel is fed down the adjacent
conducting wells. ‘This method of gravel packing is very effective but has
the disadvantage of requiring the construction of auxiliary wells. Moreover,
the auxiliary wells increase the possibility of leaking of salt water in those
patts of the area where the shallow aquifers contain salt water. Another
method of gravel packing is to enlarge the hole in the permeable water-bearing
zone by underreaming and then pumping the gravel in under pressure. The
method used now by one of the principal well-drilling companies consists
of installing a casing and screen inside the outer casing of the well. As the
well is pumped and surged to form a cavity around the screen, gravel is
washed through a small-diameter pipe into the cavity around the screen.

Ordinarily the annular space between the two casings also is partly filled with
gravel to serve as a reserve supply

Practically all the industrial wells completed within the last 15 to 20 years
ate equipped with deep-well turbine pumps powered by electricity (Pl. 26 B).

Although well-construction methods have been improved greatly in recent
years, it is not uncommon for wells to develop defects. One of the most
troublesome problems, particularly in the Baltimore industrial area, is corro-
sion of screens which reduces their strength and causes them to collapse
or increases the size of the screen openings and allows sand or gravel to
enter the well (PL. 24 B). Although corrosion-resistant screens, generally of
bronze, brass, or Everdur, are used in industrial wells, in some localities in
the industrial area the screens last for only a few years. Monel-metal and
stainless-steel screens have recently been installed in a few wells, but there
has not been sufficient time to determine whether these screens will last longer.
Causes of screen corrosion in this area are galvanic action between dissimilar
metals in the well, chemical action due to acidity or high salinity of water,
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and probably stray electrical currents from nearby industrial operations.

Another cause of difficulty in well operation is the passing of fine sand
through the screen when the well is being pumped. Through years of
pumping a well may discharge a large quantity of sand even though the
water appears to be clear and free of sand. Eventually cavities may be
formed ncar the well, and the land surface immediately adjacent to the wells
may subside, as has happened at some wells in the Baltimore area. As the
sand and gravel aquifers in the Baltimore area are highly irregular and the
sediments generally are not well sorted, it generally is not possible to select
a single screen-slot size that is suitable for all parts of the aquifer. One
approach to the problem lies in the fact that the movement of sand through
the sediments immediately adjacent to the well and screen is controlled by
the velocity of the water. Other things being equal, the velocity of the
water just outside the screen is controlled largely by the diameter of the screen.
If the screen diameter is large the entrance velocity of the water will be less
than through a small-diameter screen, and accordingly the ability of the water
to carry sand would be less. It is costly and perhaps impractical to in-
stall extra-large screens merely to prevent or decrease passage of sand. In-
stead the effective diameter of the screen may be increased by gravel packing.
A gravel pack consisting of coarse sand or gravel of the proper size for a
particular aquifer may reduce materially the velocity of water adjacent to the
screen and thereby decrease the quantity of sand entering the well. More-
over, if some sand is pumped regardless of the gravel pack, the space formed
by the rcmoval of the sand will be filled from the reserve supply of gravel
between the casings in the well, if that method of gravel packing is used.

In some parts of the area the aquifers are composed largely of coarse sedi-
ments and gravel packing may not be needed. In such aquifers the gravel
pack that may be formed naturally by surging and pumping the well at maxi-
mum capacity may be more effective than an artificial gravel pack. During the
development of the well the fine material outside the screen is drawn into
the well and the coarse material collects against the screen, thus forming
a gravel pack in which the water-bearing material is graded, being finer away
from the well. After a well is developed in this manner it should not
be pumped at a rate greater than about two-thirds of its maximum capacity
(Sayre and Livingston, 1945, p. 96).

Probably the most serious problem, with respect to defective wells, is the
development of openings in or outside the casings of the wells through which
highly mineralized water may pass and contaminate the fresh-water aquifers.
In most such wells it is more economical to repair the leaks than to drill a
new onc to replace it. The repair of the leaks, however, may be difhicult
and requires very careful and detailed planning, in addition to a good knowl-
edge of the technique and principles of well cementing. The method that
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may be used in repairing a well depends largely on the type of opening, its
location in the well, and on the construction of the well. If the well has
a sufficiently large diameter it may be repaired by inserting a new casing
inside the old. As this reduces the diameter of the well, in some wells it
might be necessary to install a smaller-capacity pump.

A leak may be stopped by rotating, with rotary-drilling equipment, a new
casing around the outside of the defective casing, extending it to some depth
below the leak. This method, however, is difficult and costly, and so far as
is known has never been used in the Baltimore area.

Generally the most practical method of repairing a defective casing, or
stopping movement of water along the outside of the casing, is by squeeze
cementing. Squeeze cementing consists of pumping a cement slurry (neat
cement and water) through an opening or openings in the casing against
the formation containing highly mineralized water. Squeeze cementing has
been used extensively in oil fields, and there are commercial companies spe-
cializing in cementing oil wells.

In recent years squeeze cementing has been used to stop leaks in some
wells in the Baltimore area. Several wells at the Bethlehem Steel Co. plant
in the Sparrows Point district were successfully repaired by squeeze cementing,
thereby avoiding the greater expense of plugging them and drilling ncw
wells.

It is not possible to set forth any rigid procedure for squeeze cementing
of water wells in this area, as conditions differ from well to well. It is
always essential, however, to determine accurately the manner in which the
highly mineralized water is entering the well and the exact location of the
openings, and to plan carefully the entire cementing procedure so that it
may be carried to its completion without interruption. If the location of
the salt-water sand can be determined from well logs and other data it may
be desirable to make a few perforations in the casing opposite it so that
the salt-water sand can be readily cemented. It usually is necessary to fill
the well with fine sand to near the level of the openings in the casing; the
sand prevents the cement from moving down the well and plugging the aquifer.
The cement slurry should be pumped down the well, to the level of the
openings, through a pipe, generally about 2 inches in diameter; and the
casing should be so capped at the top that the pumping of cement into the
well will build up a sufficient pressure to force the cement through the
openings in the casing and along the outside of the casing opposite the salt-
water sand.

Except under unusual conditions the cement should be pumped continu-
ously until the job is completed. The selection of the proper water-cement
ratio in squeeze cementing of water wells is not simple, for it depends on
such factors as the permeability of the sand and gravel penetrated by the well,
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the width and the total volume of the annular space between the wall of the
bore hole and the casing, the rate at which the cement slurry will be pumped
into the well, and the pressure under which the slurry will be applied. Ac-
cording to Machis (1946, p. 1227), who made a detailed laboratory investi-
gation of the principles of water-well cementing, especially as related to
the Baltimore area: “Under no circumstances is there any justification for
using a blanket rule for the selection of the slurry concentration, as has been
attempted by many writers. In some cases the slurry may be very dilute, the
excess water serving only as an agent to carry the cement into position, after
which it is squeezed out and the cement particles are compacted. The initial
slutry concentration will have no bearing on the volume, strength, or permea-
bility of the final product. In other cases, it may be desirable to grout off
a given formation without allowing the slurry to spread over other strata.
In these circumstances, it would be desirable to use a thick slurry and a high
squeeze pressure.”’

So far as is known, portland cement has been used in all the squeeze-
cementing jobs on wells in the Baltimore area. Although it appears to be
satisfactory, it would be desirable to try some of the cements that are specially
made by commercial firms to meet certain requirements in the cementing
of wells. Although these cements were developed chiefly for use in oil-well
cementing, they should prove equally satisfactory for cementing water wells.

The chief objective in plugging abandoned wells is to prevent highly
mineralized or polluted water from contaminating fresh-water aquifers. Like
the squeeze cementing of wells, the plugging of abandoned wells should be
done carefully and thoroughly and the method used should be selected only
after consideration of the construction of the well and the geologic and
hydrologic conditions. ‘This is particularly so in the Baltimore industrial
area, where salt and acid water may contaminate aquifers through abandoned
wells that are not sealed effectively.

One of the most important features of plugging a well is the preparation
of the well so that the cementing material may readily fill all openings. All
inner casings in a well, if it is multiple-cased, should be removed and the
outer casing perforated so that the openings outside the casing may be filled.
Because the casing was not perforated, some wells in the Baltimore area
thought to have been effectively plugged may be leaking highly mineralized
water to fresh-water aquifers.

Ordinarily it is desirable to fill the well with fine sand to the top of
the screen in order to avoid excessive loss of cement slurry into the aquifer;
moreover, cementing of the fresh-water aquifer serves no useful purpose.
The cement slurry should be pumped to the bottom of the well through
a conductor pipe, at least 2 inches in diameter, and the top of the casing
should be capped in such a manner that the cement can be pumped under
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pressure. As the cement fills the hole the conductor pipe should be raised
and the water in the well should be discharged from a valved opening at-
tached to the casing cap.

Well Bal-Gf 25 (Sparrows Point district), owned by the Bethlehem Steel
Co., was effectively plugged in this manner in 1943. This well was 330 feet
deep, with a 16-inch casing to a depth of 69 feet, a 12-inch casing from the
surface to 172 feet, a 10-inch casing from the surface to 288 feet, and a
6-inch casing from the surface to 280 feet. A 414- and 6-inch screen of
punched brass pipe was set from 305 to 330 feet and a 4l5-inch blank brass
pipe from 268 to 305 fect, thus extending 12 feet up into the -inch casing.
The well was leaking salt water originating in a sand above a depth of 200
feet. The 6-inch casing was removed and the 10-inch casing was cut off at
about 170 feet and the pact above that depth removed. The 12-inch casing
was then perforated from the surface to a depth of 170 feet. A 2-incli pipe
for conducting the cement was lowered in the well to a depth of 285 feet
and a cap was put on the 12- and 1G-inch casings, with a valved opening
tapping the annular space between them. A cement slurry of 10 gallons of
water to 1 sack of cement was pumped into the well through the 2-inch
pipe. Although a cement slurry of 10 gallons of water to 1 sack of cement
is rather thin and fluid, it was selected to facilitate passage through small
openings.

At frequent intervals during the time the cement was being pumped into
the well, the valve between the 12- and 16-inch casings was opened to dis-
charge the water from the well. When a thick cement slurry began to issue
from the valve, the valve was closed and the pumping continued until the
pressure built up to 200 pounds per square inch, the maximum that could
be generated by the pump.

Although there was no way in which the effectiveness of this cementing
job could be measured, it is likely that all leakage of contaminating water
was plugged off and that the well can be considered satisfactorily plugged.

Unfortunately, however, not all plugging of wells in the Baltimore industrial
area has been done in this manner. Some have been filled with cement or
clay by shoveling or pouring the material in the well; such wells may still
be leaking highly mineralized water down the outside of the casing.

Although rather elaborate cementing procedures are needed within the
industrial area, where contamination of highly mineralized water is possible,
it is not necessary to use such methods in other parts of the area. Where
contamination by highly mineralized water is not possible it probably is
generally satisfactory to plug a well without perforating the casing. It is
likely that heavy mud fluid would plug these wells about as satisfactorily
as would cement; however, the top of the casing should be capped or covered
over by a cement curb.




SUMMARY AND CONCLUSIONS

Most of the large ground-water developments in the Baltimore area are
concentrated in the industrial districts in and near Baltimore. The principal
aquifers are the Patuxent formation of Lower Cretaceous age and the Patapsco
formation of Upper Cretaceous age, which are separated by the Arundel
clay of Upper Cretaceous age. In a part of the industrial area the water-
bearing material in the Patapsco formation is separated into an upper and
lower aquifer by a fairly extensive clay bed. Some ground water is obtained
from fractures in the pre-Cambrian crystalline rocks that underlie the Cre-
taccous sediments and crop out northwest of the Fall Line, and from the
sand and gravel in the Pleistocene deposits that occur at relatively shallow
depth in some parts of the areca. The Patuxent and Patapsco formations,
which consist chiefly of irregular beds of sand, gravel, and clay, dip gently
southeastward toward the Atlantic Ocean, and the sediments thicken pro-
gressively toward the southeast. The Patuxent and Patapsco formations
crop out as bands of irregular width extending northeast.

The yields of large-diamcter wells ending in the Patuxent formation have
a wide range but in the industrial area generally are about 400 to 600
gallons a minute. Industrial wells in the Dundalk and Sparrows Point
districts have the highest yields, amounting to about 500 to 900 gallons
a minute; industrial wells in the Back River, Highlandtown, and Harbor
districts, which are in or near the outcrop of the Patuxent formation, generally
have yields of about 200 to 300 gallons a minute. Detailed pumping tests
and flow-net analyses show that the coefficient of transmissibility has a wide
range, averaging about 20,000 gallons a day per foot in the industrial districts
in and necar the outcrop area and about 50,000 in the districts in the south-
castern part of the industrial area down dip from the outcrop. The co-
efficient of storage under artesian conditions, according to the most reliable
pumping tests in the Sparrows Point district, averages 0.00026; under
water-table conditions in the outciop area it is estimated to be 0.15 to 0.20.

The Patapsco formation yields as much as 500 to 750 gallons of water a
minute to industrial wells in the Sparrows Point district, which is the only
part of the industrial area where water is now pumped in large quantities
from this formation. Pumping tests in the Sparrows Point district show
that the coefficient of transmissibility of the aquifer in the lower part of
the Patapsco formation is about 25,000 gallons a day per foot. As the
thickness of water-bearing material in the upper part of the formation is
greater in that district, it is likely that the coefficient of transmissibility of
the aquifer in the upper part of the formation there is higher than 25,000.

197
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The large ground-water supplies in the industrial area have been developed
since about 1900. The pumpage increased progressively to a peak of about
47,000,000 gallons a day early in 1942; late in 1942 the pumpage was re-
duced by about 13,000,000 gallons a day; and in 1945 the pumpage was
about 34,000,000 gallons a day. The pumpage outside the industrial area
increased from about 3,000,000 gallons a day in 1942 to about 5,000,000
gallons a day in 1945. Thus the total pumpage in 1945 for the entire area
was 39,000,000 gallons a day. The approximite pumpage, in gallons a day,
from each water-bearing formation was: pre-Cambrian crystalline rocks,
1,000,000; Patuxent formation, 30,000,000; Patapsco formation, 6,000,000;
and Pleistocene deposits, 3,000,000. Of the total pumpage in 1945 about
85 percent was concentrated in a relatively small part of the area in the
industrial districts in and near Baltimore. Owing to the mutual interference
of pumping and to the possibility that a pumped well may decrease in effi-
ciency, the yield of wells probably is not uniform throughout a long period
of time. To determine accurately the total quantity of water being pumped
all wells of large yield should be equipped with some device for determining
the yield periodically. This could be done by flow meters, of either non-
recording or recording type, or by use of a timing apparatus that would
record the length of time a well is operated. If a timing apparatus is nsed
the yield of the well should be determined periodically so that the total
pumpage can be computed by multiplying the yield by the time the well is
operated.

Before ground-water supplies were developed in the Baltimore area the
artesian head in the aquifers generally was within a few feet of the land
surface; but with the progressive increase in pumping, the artesian head

declined. In 1942 the artesian head in the Patuxent formation was as much
as 160 feet below the land surface; however, the large reduction in pumping
in 1942, chiefly in the Sparrows Point district, caused the head to rise so that
in most of the industrial area it is now about 40 to 100 feet below the land
surface. The artesian head in the Patapsco formation declined progressively,
reaching a level of as much as 190 feet below the land surface in 1942 in
the Sparrows Point district. The reduction in pumping in this district in
1942 caused the head to rise so that it is now about 10 to SO feet belew the
land surface in most of the industrial area. Detailed records of water-level
fluctuations in observation wells show that during 1943-45 the general trend
of water levels in most parts of the area was either slightly upward or
essentially horizontal.

As the record of water-level fluctuations in selected observation wells covers
only a short period of time, it would be advisable to continue measurements
in many of these wells indefinitely.

The ground water in the Baltimore area normally has a low mineral
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content, but the lowering of the water table or artesian head produced by
pumping has caused local encroachment of brackish water from the Patapsco
River estuary in some parts of the industrial area. The area of contamination
in the Patuxent formation covers practically all the Harbor district, a large
part of the Canton district, and the southern part of the Highlandtown dis-
trict, and it extends south to the northernmost part of the Fairfield district.
The contaminated area in the water-bearing material above the Arundel clay,
chiefly the Patapsco formation and Pleistocene deposits, is much larger; it
includes large parts of the Canton, Dundalk, Fairfield, and Curtis Bay districts,
and practically all the Sparrows Point district. The chloride content within
the contaminated areas is not uniform; it may be as low as the arbitrarily
selected lower limit of 15 parts per million and as high as 4,000 to 5,000 parts
per million.

Industrial wastes, chiefly sulfuric acid, have contaminated the ground water
in the Canton district, and the contaminated water has moved northward to
the southern part of the Highlandtown district. The acid has come from
acid plants and other industries in the Canton district at one time or anothet
during the past 100 years, and from oxidation of sulfur in slag dumped in
some parts of the district many years ago. Protective pumping from the
shallow aquifers at certain localities in the Canton district probably would
prevent a large part of the acid contamination from reaching the Patuxent
formation.

Although salt-water contamination due tc local encroachment, chiefly from
the Patapsco River estuary, has developed during a period of 50 years or
more, most parts of the aquifers were contaminated between 1920 and 1940,
the period of heavy ground-water development.

With the available data it is not possible to determine accurately whether
the area of contamination in the Patuxent formation is expanding appreciably.
The pattern of flow lines based on the piezometric contours suggests that a
large part of the contaminated water is being removed by pumping in the
Harbor district, but some contaminated water is moving toward the Highland-
town district and may be moving southeastward toward the Dundalk district.
The degree of contamination, due to salt-water encroachment, in the Patuxent
formation in the southeastern part of the industrial area is not likely ever to
be as high as that in the Harbor and Canton districts. The Patapsco formation
is much more susceptible to contamination by encroachment of salt water from
the Patapsco River estuary. As the water levels in wells ending in that
formation are below the level of the estuary in a large part of the industrial
area, salt water is still entering the formation. With the present pattern
of pumping the arca of contamination probably will not increase much beyond

its present size, but it is likely that the degree of salinity will increase gradually
at some localities.
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Contamination through defective wells that penetrate the shallow contami-
nated aquifers above the Arundel clay and extend into the fresh-water aquifer
in the Patuxent formation is one of the most serious ground-water problems
in the industrial area. The highly mineralized water is leaking both through
unplugged abandoned wells and through wells still in use. Through careful
repair of active wells and effective plugging of accessible abandoned wells,
most of this contamination can be reduced so as to decrease appreciably, within
a relatively short time, the mineral content of water pumped from many
of the major well fields.

The location and plugging of abandoned wells that are covered and no
longer accessible presents a difficult problem, but every effort should be
made to locate and plug as many as practicable. The casings of all new wells
drilled in the contaminated area should be cemented in order to prevent or
delay corrosion and development of salt-water leaks.

The water pumped from the Patuxent formation, the major aquifer in the
industrial area, is derived from recharge on the outcrop of the formation.
The potential rate of recharge exceeds the theoretical maximum quantity of
water that can be transmitted through the formation. Therefore the rate
of recharge is not an important factor in limiting the quantity of water that
can be withdrawn from the artesian part of the aquifer.

The concentration of pumping has caused the water table or artesian head
to be so low in and near the centers of pumping in the Back River, Highland-
town, Curtis Bay, and Fairfield districts, that very little additional water can
be developed from the Patuxent formation in those parts of the districts.
However, the water table or artesian head between the centers of pumping
is relatively high, and additional water could be pumped from the Patuxent
formation if the wells were spaced at greater distances.

The heavy pumping from the Patuxent formation, chiefly in the Harbor
district, has caused local encroachment of salt water, and in this respect the
“safe yield” of the formation would appear to have been exceeded. It would
not be advisable, however, to decrease or stop pumping in the Harbor dis-
trict; if this were done the contaminated water now in the formation could
move readily to the centers of pumping in other industrial districts. A pro-
gram of artificial recharge through wells and protective pumping might prevent
additional salt water from entering the formation in the Harbor district, but
considerably more detailed geologic and hydrologic data would have to
be obtained before the practicability of such a scheme could be determined.

The quantity of water that can be pumped from the Patapsco formation
in the industrial area is limited by the transmissibility of the formation and
not by the potential rate of recharge. Heavy pumping over a period of many
years throughout the industrial area has caused local encroachment of salt
water, chiefly from the Patapsco River estuary. Owing to this contami-
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nation practically all pumping from the Patapsco formation in the Dundalk,
Fairfield, and Curtis Bay districts has been discontinued. The present pump-
ing, which is chiefly from the aquifer in the lower part of the formation in
the Sparrows Point district, is still inducing encroachment of salt water. How-
ever, the Sparrows Point district is farther down dip than the other districts;
consequently a large part of the water pumped from this aquifer is derived
from areas in which water in the aquifer is fresh. Although the degree of
salinity in some parts of the contaminated area may increase, the areal extent
of the contamination probably will not increase much beyond its present size.
The question of whether it would be desirable to reduce pumping from the
Patapsco formation so as to prevent further encroachment of salt water cannot
be answered solely in terms of the effect of a reduction on the Patapsco forma-
tion itself. If pumping were stopped, the accompanying increase in head
would cause an increase in the flow of salt water through leaking wells to the
Patuxent formation; moreover, many decades would pass before the salt water
in the Patapsco formation would be flushed out. In any event, it would
not be advisable to reduce the present pumping from the Patapsco formation
until the wells that leak salt water to the Patuxent formation have been re-
paired or plugged, nor to develop additional ground-water supplies from the
Patapsco formation in the Curtis Bay, Fairfield, and Dundalk districts, which
are near the main source of contamination.

The safe yield of an aquifer generally has been considered as the quantity
of water that can be withdrawn indefinitely without lowering the water levels
to uneconomical limits or without impairing the quality of the water. How-
ever, the economic value of ground water in the industrial area is different
for various types of uses, and there is little or no uniformity in the chemical
quality of the water that can be used. Therefore, the application of the term
“safe yield” in the sense that it represents a single rate of pumping, would
be unrealistic. Owing to the contamination of the water, however, the safe
yield has been exceeded for some industries. Those industries have aban-
doned their well fields and now obtain water from the Baltimore public
supply. It is possible that in the future other industries will have to obtain
water from the Baltimote public supply, particularly if leaking wells are
not plugged or repaired.

If the industrial area is considered in its entircty, additional supplies of
water can be developed if the pumping is distributed more evenly. The prac-
ticability of such development, however, is a matter of economics.







RECORDS OF WELLS

The records of wells in the following Table 15 are based on information
obtained from many sources and are of varying degree of completeness and
accuracy. The wells are located as accurately as possible, but many old wells
in the industrial districts in and near Baltimore are no longer visible and
can be located only approximately.

The well numbers on the left side of the table are those on the well-
location maps (Pls. 1, 3, and 4). Those wells for which locations are too
uncertain to be shown on the well-location maps, were not assigned numbers.

The symbol « in the water level column indicates reported water level.

The symbols in the pumping equipment column indicate: A, air lift; H,
hand; 1, impeller (turbine or centrifugal); N, none; R, reciprocating,

The symbols in the use of water column indicate: D, domestic; I, industrial;
M, military: N, not used; P, public.
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TABLE
Records of Wells
:’; Depth Principal water-bearing
Dat. =l = E of formation
i ate v ® © .. | acreen
b::;;:zn Owner or name Driller | com- 25 (D;f::') :5 E below
pleted| g o © land Character o
ey :’E aurface of Geologic
& N .E (feet) material e
= S
C. H. Brooks (Brooklyn) Craig 1906 60| 85 4 = Ny °
Car Shops (Curtis Bay) - - -| 65 - - Sand and/or | Patapaco
gravel
Carstairs Bros. Diatil]in'g Shannahan | 1906 -| 198 - - do Patuxent
Co. (Highlandtown)
Do do do - | 240 - - do do
Claremont Abattoir Downin 1903 90| 48 6 o Hard rock Pre-Cambrian
Do do Before 90| 82 6 - do do
1896
Consolidated Gaa, Electric - - - - - - - -
Light & Power Co.
Davi son Chemical Corp. Downin 1903 90 | 139 6 - Hard rock Pre-Cambrian
Do do do 90| 101 6 o do do
Ellia Co. (Brooklyn) Willigan 1908 10 | 325 6 - Send and/or | Patuxent
gravel
John T. Flood 3 1888 5 o 2 S = °
Furat Concrete Scow Mfg. Shannahan | 1912 -1 309 - - Sand and/or | Patuxent
Co.~Fairfield) gravel
John Gills Downin 1885 - - - - ° -
Greenwald Packing Co. do - 80 | 196 6 - Hard rock Pre-Cambrian
(Claremont)
Do do - 80| 196 6 - do do
Lewis Grienenaen (Brooklyn)|Craig - 401 55 4 E - -
R. B. Hopkins - = - - o o o S
Mr. Neifield Hoshall 1922 -1270 6 - Hard rock Pre-Cambrian
Do do 1925 - | 169 6 = do do
Numsen Downin - 400} 82 6 - do do
C. H. Pearson & Co. - Before - | 102 - o E °
1896
1S1E-1 | Independent Ice Co. Harper 1907 151125 8 - Hard rock Pre-Cambrian
2 Do Downin 1894 15| 125 8 e do do
3 Do - - 15| 30(?) 8 - Sand and/or | Pleiatocene(?)
gravel
4 Do = o 15| 30(?) 8 - do do
5 Do - - 15| 30(?) 8 - do do
6 Do S - 15| 30(7) | 8 - do do
7 Globe Brewing Co. - Before 201 197 6 - Hard rock Pre-Cambrian
1896
8 Hendler Creamery Co. - - 22| 27 72 - Sand and/or | Pleiatocene(?)
gravel
9 Do - - 221 35(7) | 72 - do do
10 Do - - 221 35 72 - do do

%Reported water level.
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in the Baltimore Area

RECORDS OF WELLS

Water level
(feet below land aurface)

s Static

Pumping equipment

Depth
of
pump
below
land
aurface

{feet)

Gallons
s
minute

Specific capacity
(g.p.m/ft.)

Use of water

Temperature (°F.)

20
“2

90
%0

June 13, 1944

June 13, 1944

June 13, 1944

do

Exact location unknown.
Exact locstion unknown.
Ample yield reported.
Exact location unknown.

Do.
Exact location unknown.
Conteamination reported.
Exact location unknown.

Eight wella; exact location
unknown.
Exact location unknown.

Do.

Do.

Do.
Do.

Exact location unknown.
Ample yield reported.
Exact locstion unknown.

Do.
Do.
Two wells, exsct location
unknown.
Exact location unknown.
Do.
Do.
Do.

Hard rock at 60 feet.
See table of analyaea.
rock at 60 feet.

Hard

Well covered; exact location
unknown.

Owner’ a dug well “Front-
cellar well.” See table of
analyses.

Owner’s dug well “Boiler-room
well.” See table of
analyses

Owner's dug well "*Engine-room
well.” See table of

analyaea.




206 GROUND-WATER RESOURCES OF THE BALTIMORE AREA

TABLE 15—
5 3 Dep th Principal water-bearing
= ?, o of formation
S Date L0 th .E % | screen
Location Owner or name Driller com- E: (r}ipet) b} G | helow
ML pleted| % 3 ?E land Character Geologi
s R surface of ologic
3 fa] (feet) material 8g
1S1E-11 Hendler Creamery Co. - - 22| 38 72 - Sand and/or |Pleistocene(?)
gravel
12 Do - - 221 35(7) 72 - do do
13 Do - - 22| 35 72 - do do
14 Bird & Sona - Before 15 | 320 8 - Hard rock Pre-Cambrian
1896
15 Emeraco Hotel Harper 1911 15| 90 10 - do do
16 H. L. Carpel Co. - Be fore 10| 90 - - Sand and/or | Patuxent and/or
1896 gravel Pleiatocene
17 Miller Chemical & Fertilizer - do 10 | 50(?) 8 - Gravel Patuxent
Corp.
18 Do - do 10 | 50(?) 8 - do do
19 Do - do 10 | 50(?) 8 - do do
20 Do - do 10 | 50(?) 8 - do do
21 Do - do 10 | 50(?7) 8 - do do
22 Do - do 10 | 50(?) 8 - do do
23 Do - do 10| 50(?) 8 - do do
24 City of Baltimore - do 15| S0 - - do Patuxent and/or
Pleistocene
25 - - - 10 | 112 3 - do do
26 Darby Candy Co. Harper 1907 15 | 300 8 - Hard rock Pre-Cambrian
27 L. Elmer & Sons - Be fore 10| 35 - - Sand and/or |Patuxent and/or
1918 gravel Pleiatocene
28 Do - do 10| 35 - - do do
29 Do - do 10| 35 - - do do
30 Do - do 10| S§ - - do do
31 Do - do 10| S5 - - do do
32 Do - do 10| 55 - - do do
33 Do - do 10| SS - - do do
34 Do - do 10 | S5 - - do do
35 Do - do 10 60 &% - do do
36 Do Miller 1909 10| 72 6 - do do
37 Do do do 10/ 12 6 - do do
38 Do do do 10| 72 6 o do do
39 Do do do 10| 712 &% - do do
L'y Do do do 10| 72 % - do do
41 Do do do 10 72 &% - do do
42 Gail & Ax Redpath & |Before 20 | 380 6 - Gneiaa Pre-Cambrian
Potter 1918
43 Gardiner Dairy Co. do Before 20 | 600 - - Hard rock do
1910
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Water level
(feet below land surface)

Pump-

5 Static Date
ing

Depth
of
pump
below
land
surface
(feet)

Yield

Gallona
a
minute

Date

Specific capacity
(g.p.m./ft.)

Temperature (°F.)

Remarka

36.82 - | June 13, 1944

o e)s o
- a]s o
- a)5 .
o als o
= als o
o a)s o

= | Pumping equipment

P4

P4 ZzZzzZzZz2Z2Z z

=z

Zz2LZ2L2Z2ZZ

Z22Zz2Z22Z22Z2

=z

38

15

w

LI — N — N — N - — T 7Y

June 13, 1944

| Use of water

P4 222222 b4

=z

Z2Z2Zz22Z22Z2Z2

Z2Z2Z2Z2Z2Z2

=z

Owner’ a dugwell “Weat well
in garage.” See table of
analyaea.

Owner’ a dug well “Eaat well
in garage.”

Dug well; filled with cin-
ders and covered.

Well covered; exact locstion

unknown.
Well capped.

well logs.

Well covered; exact location
unknown. Ample yield
reported.

Well covered; exact location
unknown. See log.

Well covered; exact location
unknown.

See table of

FEFFYF

Exact location uoknown.
Ample supply reported.
Exact location unknown.
Water reported to be of
poor quality. Hard rock at
112 feet. Filled to 70 feet.
Exact locatioo unknown.
Ample aupply reported.
quality.
Exact location unknown.

Poor

Do.
Do.

Do.

" Do.

Do.

Do.

Do.
Exact location unknown.
Anple aupply reported.
Exact location unknown.

Do.

Do.

Do.

Do.

Do.

Do.

Exact location unknown.
Small yield reported.
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TABLE 15—
& & Dep th Principal water-bearing
=5 o of formation
) Date | 8 ‘E Depth & ’E screen
Location Owner or name Driller com- | § [(feet) 5 | below
number pleted| ‘% <5 o 3 land Character R
s ‘% | surface of Geologic
E S (feet) material bia=
1S1E-44 Kingham Provision Co. Downin 1895 18 | 240 4 - Hard rock Pre-Cambrian
45 Do - 911 18 | 100 6 - do do
46 (Maltby Estate - Before| 10 | 100 12-10 - do Pre-Cambrian(?)
1896
47 Wagner Co. - do 10 100 6 o do do
48 Do - do 10 | 100 % - do do
49 (McCormick & Sons Hoahall 1916 10 | 192 8 - do Pre-Cambrian
50 Do do do 10 | 192 8 - do do
- |American Building - - - - - - - -
- |Flour Mills - Before - - - - - -
1896
- |Horn Ice Cream Co. - - - - - - - -
- Robins Butter Co. - - - - - - - -
1S2E-1 |American Ice Co. Downin 1905 38 | 135 % - Sand and/or{ Patuxent
| gravel
2 Do do | 1906 38 | 165 6 90-94 do do
8] Do do 1909 38 125 8 90-100 do do
4 Do do 1911 38 90 6 - Sand and do
gravel
‘ 5 J. Langrall & Bro., Inc. Shannahan | Before 5 112 6 - Sand and/or do
1896 gravel
[3 Do do 1904 S 90 8 - do do
7 |McKenna Pontiac Co. - Before| 25 80 12 - do do
1896
8 G.M.C. Truck & Coach Div. - Before 10 70 10 o do Pleistocene(?)
1918
9 |Bohemian Church - 1898 15 22 60 - do Pleiatocene
10 |Gas Worka - | Before| 58 - - - do Patuxent
1896
1S3E-1 |Pennsylvania Water & - 1911(?)| 40 | 199 6 - Gheisa Pre-Cambrian
Power Co.
2 | Wm. Schluderberg - T.J. - 1929 60 | 195 - - Sand and Patuxent
Kurdle Co. gravel
3 Do Layne- 1941 60 | 272 18-8 | 150-160 do do
Atlantic 170- 190
225-245
262-267
4 Do do 1943 55 195 8 | 146-156 do do
170- 180
I
5 | Monarch Rubber Co. Harr 1937 | 38 | 104 8-6 [90-100(?) Sand and/or do
| gravel
6 Paul Jonea & Co., Inc. Keyatone 1933 45 | 145 6 - do do
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Continued

Water level
{feet below land surface)

Depth
of
pump
below
land | Gallons
surface a
(feet) | minute

T

Remarks
Pump -
ing

(g-p-m./ft.)

.
Static

Specific capacity
Temperature (°F.)

i
T

2z | Pumping equipment

!
T

Z | Use of water

%12 - 40

Exact location unknown.
Water reported to be of
poor quality.

Exsct location unknown.
Hard rock at 26 feet.

Exact location unknown.

Do.
Do.
Do.
Do.
Do.
Group of three wella; exact
location unknown. Water
reported of poor quality.
Exact location unknown.
Do.
Well covered. Hard rock at
96 feet.
Hard rock at 95 feet.
Well covered. Hard rock at
95 feet.
Well covered.

Well capped.

Well plugged and covered.
Water reported to be con-
taminated by river water.

Before 1910 Well covered by building.

Exact location unknown.

Do.

Dug well. Ample aupply
reported.

1939 See tsblea of well logs and
analyaea. Capacity of
pump, 20 gal. s min.

1928 Oct. 1928 Owner’'a well 2. See tables
of well loga and analyses.
June 6, 1941 1941 Owner’a well 3. See tablea
1943 of well loga and analyses.
Depth of footpiece in
well, 200 feet.

Apr. 9, 1943 Apr. 9, 1943 Owner's well 4. Deptb of
footpiece in well 170 feet.
See tables of well loga
and analyaea.

April 1943 See table of snalyses.

January 1941 Do.
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TABLE 15—
3 & Depth Principal water-bearing
T :a.: 4 iy of formation
. oo | 38 [ pupen | §3 | scromn
Location Owner or name Driller | com- | g~ (l';eep“) © G | helow
number pleted| % ¢ ?E land Character Geologi
3 o surface of ‘ ologre
5 S (feet) material S
1S36- 7 Paul Jonea & Co., Inc. Keyatone 1933 60 | 153 6 - Sand aod do
gravel
8 |Wm. Schluderberg - T.J. Layne- 1939 60 | 211 - - do do
Kurdle Co. Atlantic
9 Highlandtown Ice Co. - 1906(?)] 90 | 257 6(?) - Sand and/or|Patuxeot
gravel
10 Do - do 90 | 262 6(7) - do do
11 Do o do 90 90 6(?) - Sandy clay do
12 |Kimball Tyler Co. - Before| 58 | 183 6 - Sand and do
1925 gravel
13 |T.J. Kurdle - Before| 70 [ 110 4 - Sand and/or do
1909 gravel
14 Do Newkirk 1909 70 | 210 6-4 - Sand and do
gravel
15 Schluderberg Packing Co. - Before| 80 | 408 - - Hard rock Pre-Cambrian
1918
16 Do - - 85 | 310 6 ° Limeatone do
17 Do - - 85 | 290 [ - do do
18 Sellmayer Packing Co. - - 85 | 260 - - do do
19 |¥m. Schluderberg - T.J. Layne- - 55 | 153 12-8 - Sand and Patuxeot
Kurdle Co. Atlantic gravel
20 Do do - 55 | 152(?) |12-8 - Sand and/or do
gravel
21 [Monumental Brewing Co. Puat 1910 60 | 535 8 - Gneiaa Pre-Cambrian
22 Do do 1900 60 | 480 10 - Hard rock do
23 Do o - 60 | 400 - - do do
24 Do - - 60 | 400 - - do do
25 Do - - 60 | 400 - - do do
26  (Ice Box Mfg. Co. Ruat 1904 | 60 | 205 ¥ - Sand and/or Patuxeot(?)
gravel
27 Do - do 60 188 4 - do do
28  |Helwig & Leitch, Inc. - - S0 | 147 4 - do do
29 |Esatern Welding & - - 80 | 197 6-4 - do do
Radiator Co.
30 Do - - 80 197 6-4 - do do
31 Do - - 80 | 197 6-4 - do do
32 Do - - 80 | 202 6-4 - do do
33 Do - ° 80 | 202 6-4 - do do
34  |Canton Ice Co. Ruat 1910 85 | 400 6 - iSand and do
gravel
35 [City of Baltimore Miller 1903 85 63 5 - Gravel do
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Continued
Water level E Dep th Yield ‘E =
(feet below land surface) E of i: A O
S| pump e ¢ ®
T | below : : ? 5 Remarka
% | land | Gallona e o ey |
Pump- Stati Dat. ] aurface a Date s w|l o &
Fiore tatic ate a ) R g
E (feet) | minute & s
__ L
@138 886 |July 1934 I - 85 1943 1.6 | I -| See tablea of well loga and
%101 |July 1941 analyaea.

- | %118 - N - 60 - - |N - | Owner’a well 1; well plugged.
See table of well logs.

- - - N - - - - |N =| Well covered. Small yield
reported. See table of
analyaea.

- - - N - - - - |N -| Well covered. Small yield
reported.

- - - N - - - - | N -| Well covered. Small yield
reported. See table of
well loga.

- |1119.14 Mar. 14, 1944 | A - 40 - - |N -| See table of well loga.

- 40 - N - 50 - - |N -| Well covered; exact location
unknown,

= 850 - N - 150 - - N - Do.

- %98 - N - 150 - - IN =| Well covered; exact location
unknown. See tables of
well loga and analyaea.

- - - N - 200 - - | N =| Well covered; exact location
unknown. See table of well
loga.

- - - N - 80 - - [N - Do.

- - - N - 150 - - IN -| Well covered; exact location
unknown. See table of
analyaea.

- - - N - 150 - 2 | N -| Well capped and covered.
See table of well loga.

- - - N - 150 - - | N -| Well capped and covered.

See table of analyaea.

- - - N - 175 - - |N -| Exact location unknown. See
tables of well loga and
analyaea.

- 80 - N - 150 - - |N -| Exact location unknown. See
table of analyaea.

- - - N - 350 - - |N - | Exact location unknown.

- - - N - 350 - - |N - Do.

- - - N - 350 - - |N - Do.

- - - N - 17 - - |N - | Well covered; exact location
unknown.

- %46 S N - 15 - - |N - Do.

- 1109.30 |June 29, 1944 [N - - - - |N -

- 854 - N - 100 - - |N - | Well covered; exact location
unknown.

- as54 - N o 100 - - {N - Do.

- 854 - N - 100 - - | N - Do.

- 854 - N = 100 - - |N - Do.

- 954 - N = 100 - - N - Do.

- - - - - 75 - - |N =| Exact location unknown. See
table of well loga.

o asg - - - 30 - - |N -| Exact location unknown.
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TABLE 15—
i : r
3 b Dep th Principal water-besring
e 2 of formation
) Date | & E Dep th E E screen
Location Owner or name Driller com- | 2 (fepet) T 5| helow
BT pleted| &% < ? 2 land Character .
Pk o ~ | surface of Geologic
| E S (feet) material age
1S3E-36 Consolidated Gaa, Electric - 1894 20 | 66 6 - Sand and/or |Patuxent
Light & Power Co. gravel
37 Do . - 60 o o - - Patuxent(?)
38 [G. W. Gengnagel - - 85 | 196 % - Sand and/or do
gravel
39 [ Steiner Mantel Co. Downin | 1906 60 | 120 2 - do do
40 | 5 ° - 60 [195 - - do do
41 |Monarch Bubber Co. Columbia | 1945 40 | 100 6 90-100 | Sand Patuxent
| Pump &
Well Co.
= | Rome Co. - - - - - - - -
184E-1 | Crown Cork & Seal Co. Harria- 1939 55 |233 - - Sand and Patuxent
Harmon | gravel
2 | Do do 1941 66 |215 24 = do do
Maryland Sanitary Mfg. Co. | Downin 1903 60 |263 6 - Gneias Pre-Cambrian
Do O’DonovanI 1896 Sand and/or |Patuxent
gravel
5 Do o - = 60 6% - do do
6 Do - | 192000 65 (225 - - Hard rock |Pre-Cambrian
7 Do - do 62 (200(?) o - do do
8 Atlantic Wastepaper Co. Downin 1907 58 |172 6 - do do
9 Do - - 58 [139 6 - Sand and/or |Patuxent
gravel
Pennaylvania Railroad - 1892 60 | 82 8 ° do do
iCro'n Cork & Seal Co. - [ 55 |175 - - Gravel do
Do 1930 60 Sand and/or do
gravel

Do

1934 60 | 200+ - - do do

1935 60 |207 do do

1937 | 60 |184 °© o do do

Wienecke Arey Co. 100 | 420 Hard rock Pre-Cambri an

Geo. Berderine Hoshall - 100 225 6 - Sand and/or [Patuxent
| gravel
18 | Crown Cork & Seal Co. Shannahan | 1904 | 60 |204 6 - do do

Sand and
gravel
1934 20 1150 10 - Sand and/or do

gravel

19 Do
‘ Atlantic
2S1E-1 Chesapeake Paperboard Co. do
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Water

level

(feet below land surface)

Pump -
ing

2150

167

Lot !

Static

%17

%88
s

62.32

2120

a4

Flowed

%40
94.29

240(7

84

%117
@125

2200

@50

Date

Oct. 16,

Apr. 1,

1925

Nov. 18,

1930

1935

1937

1904

1945

1943

1944

!
1

= !Pumping equipment

>z 2Zz2Z2Z 4

z

. =
15 ¥
e Yield 7~ 3
pump | §518|e
below o373 Remarks
land | Gallons B gt e &
surface a Date T w| o 4
s ot ©
(feet) | minute 5, 8 j

- 65 - - N| -

- = o - N | - |Exact location unknown.

- - - - N | - |Exact location unknown.
Ample aupply reported.

- S - - N | - {Exact location unknown.

- - - - N| - Do.

- 40 1945 - N [ - |See table of well loga.

160 500 - 16.6 | I [57%| Owner’'a well 1. See tablea
of well loga and analyaea.

- 400 - - I - |Owner'a well 3. See tablea
of well logs and analyaes.

- - - - N | - |Well covered; exact location
unknown. See table of well
loga.

- 8 - - N | - [Well covered; exact location
unknown.

- 0 - - N| - Do.

- 5 1925 - N | - |Well covered.

- 0 - - N| - Do.

- 50 - - N | - {Well filled with debria.

- - - - N | - |See table of analysea.

- 62 - - N | - |Well covered; exact location
unknown.

- |1,000 - - N | - |Well plugged; exact location
unkno'n.

o 900 1930 - N | - |Owner’a well Old-1. Well

450 1938 plugged; exact location
unknown.

o 450 1934 3 N | - |Owner's well O1d-2. Well

270 1938 plugged; exact location
unknown.

- 450 1936 - N | - |Owner'a well 01d-3. Well

300 1938 plugged; exact location
150 1940 unknown.
- 200 1937 - N | - |Owner’s well Old-4. Well
450 o plugged; exact location
unknown.
o 40 - - N | - |Exact location unknown.
Rock at 220 feet.

- 0 - - N | - | Exact location unknown.

- 125 - - N | - | Well plugged; exact location
unknown. See table of
analyaea.

- - - - - | = | See tablea of well logs and
analyaea.

120 250 1943 - I | - |Owner'a well 2. See table
of analyaea.
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Location Owner or name
number
2S1E-2 | Chesapeske Paperboard Co.
3 Do
4 |Jamea Diatillery
N Do
6 Do
7 Do
8 |Kriel Packing Co.
9 Do
10 Do
11 |Knox Net & Twine Co.
12 Do
13 Booz Broa., Inc.
14 {Platt Corp.
15 Do
16 [Buck Glasa Co.
17 | American Sugar Refining Co.
18 | Brooka Tranaportation Co.
19 Do
20 Do
21 Do
22 Do
23 Do
24 Do
25 Do
26 Maltby Eatate
27 | Atlantic Wholesale
Grocery Co.
28 Do
29 Do
30 Do
31 Do
32 Do
33 Do
34 Do
35 | Bethlehem Steel Co.
Baltimore Yard
36 Do

Driller

Layne-
Atlantic
do

Harr
do

Miller

Downin
do
Hoahall

Miller -

Downin

do
do
do
do
do
do
do

Date
com=
pleted

1934

1936
do

Before
1930

1929

do
do

1879

1904
1923

1905

1899

do
do
do
do
do
do
do

1901

do

do
do
do
do
do
Before
1896
do

Approximate alti-

tude (feet)

»n
=3

10
10

10

10
42

w8888

w

S NN w

=
=

TABLE 15—
8 Depth Principal water-bearing
5 of formation
Dep th f.E’. E screen
(feet) | © S | bhelow
2 5 land Character Geologi
%~ | surface of 02BN
3 (feet) material oage
150 10 - Sand and/or |Patuxent
gravel
161 38-8 - do do
40 6 35-40 do do
60 6 55-60 do do
- 8 - - i
- 3(7) ° © =
105 - - Sand and/or |Patuxent
gravel
526 - - Hard rock Pre-Cambrian
115 8 - Sand and/or |Patuxent
gravel
119 - - do do
110 [ o do do
119 8 - Sand and do
gravel
109 4 - Gravel do
110 6 - Sand and do
gravel
110 6 - do do
110 6 ° do do
110 6 o do do
136 6 - do do
136 6 - do do
136 6 - do do
136 6 - do do
900 - - Hard rock Pre-Cambrian
150 6 - Sand and/or |Patuxent
gravel
150 6 - do do
150 6 = do do
150 6 - do do
150 6 - do do
150 6 - do do
150 6 - do do
150 6 - do do
58 hid - do do
65 4 - do do
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Continued

Water level g Depth Yield ? I
(feet below land surface) E of EE e : 5
‘S| pump R R )

§| below : \é § E Remarks
P % | land | Gallons R E
PR Static Date ‘s |surface ) a Date § o : c.
E (feet) | minute & 5 ;§

- - - I - 350 1943 - |1 Owner’s well 3. See table of
anal yaea.

- 627 |April 1934 N - - - = | N | - |Well covered. Quslity of
water reported poor. See

table of well logs.

- - - I 35 100 - = | T {60.5/See table of snslyses.

- - - 1 55 0 1944 = I N| - |Owner's well 2. See table of
analyaea.

- - - N - - - = | Nj = |Owner's well 3. Rock at
35 feet.

- - - N - - - = [ N| - [Owner's well 4, well capped.

d - o N - - g - N -

o - . N - - o - N -

5 - d N - o o - [N -

o S 39 N o o o - | N[ = |Well plugged with cement.

- - - N o S s -iN| - Do.

- a6 o N - 16 - = | N| = |Well covered.

o © - N - 60 - - N | - Do.

o 8g o N o 40 - - | N| - Do.

- 49.96 [Jan. 25, 1945 | N - 58 - - | N| - {Equipped with water-atage
recorder. See tables of
well loga and analyaea.

- a]13 - N - - - - | N| - {Well covered; exact location
unknown. Water formed acale

in boilers.

- a5 - N - 7 - = | N} - [Well covered.

- as - N - 17 - =] N[ - Do.

- L - N - 77 - - | N - Do.

- L4 - N - 77 - - N[ - Do.

- a5 - N - 11 - - NJ| - Do.

- as - N - 11 - -=| N} = Do.

- @5 - N - 77 - = {Nj| - Po.

o as 2 N 2 77 o - N - 5

o o - N - - = = | N| = [Well covered; exact location
unknown.

- 20 - N - 31 - = | N |56 |Well covered; exact location
unknown. Water reported
conteminated with aalt
water. Well filled to
90 feet.

- %20 - N - 31 - -1 N} - Do.

o 220 - N - 31 - =] NJ| - Do.

- a20 - N - 31 3 ENEI= Do.

- 620 5 N S 3l 5 - N| - Do.

o a20 5 N o 3l 5 N - Do.

- %20 - N - 31 - - | N| - Do.

- %20 - N - 31 - - N| - 1

- %18 - N - - - = | N| - | Well covered; exact location
unknown.

o %6 - N - - - - N[ - Do.
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Location
numbcr

Owner or name

2S1E-37

48
49

50
51
52
53
54
55
56
57
58
59
60
61
62
63
64
65
66
67
68
69
70
71

72
13
74
15
76

17
78

79

Baltimore Copper Paint Co.

| Bethlehem Steel Co.
Baltimore Yard

| Ellicott Furnace Co.
Red Coil Co.

Mutual Chemical Co.

¥ FF ¥FF ¥ ¥ PPYPYFYFIFFIFTFTITITYYEFYY FFY FFY ¥PPY
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TABLE 154

~+4

Harr

Driller

do
do
do
do
do

do

i
el & Dep th Principal water-bearing
i) E o of formation
Date 3 '«u Dept.h E 3 screen
com= | T | (feer) [T G| below
pleted| % < :’E land Character Geologi
E 3 "G surface of ologLe
& 3 (feet) material RES
x 15 . 3 - o 1 s
- 10 . 3 - o -
- 40 - - - - -
1895 10 | 138 6 |128-138 |Sand and/or |Patuxent
gravel
| 1902 8 - 6 - do Pleistocene
do 8 - - - - -
| do 8 | 120 - - - -
do 8 | 100 - - Sand and/or |Patuxent
gravel
do 8 | 120 - - do do
do 8 - - - - -
‘ do 8 | 100 - - Sand and/or |Patuxent
gravel
do 8 | 140 6 o do do
do 8 ° °© °© E o
do 8 - - - - -
do 8 o o o o o
do 8 - - - - -
do 8 - - - - -
do 8 - - - - -
do 8 - - - - -
| do 8 - - - - -
do 8 - - - - -
do 8 - - - - -
do 8 - - - - -
do | 8 - - - - -
do 8 o o 5 s s
do 8 - - - - -
do 8 o o o o o
do 8 - - - - -
do 8 = - - - =
do 8 - - - - o
do 8 o S 5 5 -
do 8 - - - - -
do 8 - - - - -
do 8 - - - - o
1938 8 44 8 | 30-44 |Sand and/or |Pleiatocene
gravel
do 8 36 8 | 26-36 do do
do 8 30(?) 8 - do do
do 8 | 100 - - do Patuxent
do 8 - - - - -
do 8 | 132 - - Sand and/or |Patuxent
gravel
do 8 | 180 - - Hard rock Pre-Cambria
1898 8 | 1000 6 - do do
- 8 72 - - Sand and/or |Patuxent(?)
|_ gravel




Recorps oF WELLS

Continued

Water level
(feet below land surface)

Gallons
a
minute

Pump-

4 Static
ing

(g-p-m./ft.)

2Z Z | Use of water
Temperature (°F.)

Specific capacity

Well covered.
Well covered; exact location
unknown.

2 Z | Pumping equipment

Do.
Do.

Zz 2z
3

See table of analyaea.
Well capped and covered.

22 2~

2z 2

z

Z 2z
z

Well covered; exact location
unknown.

PYPFYFEETY

Do.
Do.
Do,

Do.

L2222 22 222ZLZLZZLLEZZZZZZZLZ
L2 2222222222222 22222Z222

Do.
Do.
Do.
Do.
Do.

1.

Owner’s well
removed.
Owner’s well 2. Low yield
reported.
10- foot acreen in well. See
table of analyaesa.
Teat well. Caaing removed.
Do.
Do.

Caaing

Z
z

—
—

e Do.
May 29, 1944 Last meaaured depth 600 feet.
See table of analyaes.

Well covered; exact location
unknown. Water reported
salty.
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TABLE 15—
3 b Dep th Principal water-bearing
i 'E :E’, - of formation
- Date | 8.8 s 2 | screen
Location Owner or name Driller | com- ;: (T}eepet:; 5 ’:: helow
xetiles pleted [ % i land Character .
23 7+ | surface of Geologic
1 (& 8 (feet) material SEE
! S B U S il - i SIS —_————
2S1E-80 | Bethlehem Steel Co. - - 51 72 2% - Sand and/or |Patuxent(?)
Baltimore Yard gravel
81 | Marble Worka - Before 10 | 60 24 - do Pleiatocene(?)
1896
82 Do - do 10 | 200 6 - Hard rock Pre-Cambrian
83 | Cavalier Shoe Poliah Co. Downin 1903 10 114 6 o Sand and/or |Patuxent
gravel
84 Do do 1904 10 | 100 8 - do do
85 | Jones Paper Mill - Before 20 {402 o - Hard rock Pre-Cambrian
| 1896
86 - - - 10 | 157 - - Sand and/or |Patuxent
| gravel
282E-1 | Procter and Gamble Mfg. Co. | Layne- 1938 10 j110(?) | 15 ° do do
Atlantic
2 |J. S. Young Co. - 1896 10 [ 174 - - do do
3 Do - - 10 | 170 - - do do
4 Do - - 10 | 118 - - do do
5 Do - ] - 10 {114 2 - do do
6 | American Sugar Refining Co. - ’ 1920 I 10 | 212 - - Hard rock Pre-Cambrian
7 | Booth Packing Co. o 1884 5| 94 12-6 - Sand and/or |Patuxent
gravel
8 | Do Miller Before 5| 96 10-6 ° do do
{ 1918
9 Do - | Before 51 94 10-6 - do do
| 1896
10 | National Can Corp. - Be fore 5 - - - °© °
1920 l
1 Do - 1884 | 5|14 3 - Sand and/or |Patuxent
[ gravel
12 | City of Baltimore Public - Beforel 10 - - - - -
well 1896
13 Do - do 10 = ° 2 o o
14 [Procter and Gamble Mfg. Co. - 1859 20 | 128 8 - Sand and/or |Patuxent
gravel
15 Do ° 1901 5 | 130 4-2 - do do
16 |Miller Bros. & Co. Miller 1905 10 | 98 6 - do do
17 | Winebrenner Broa. - Before S {127 4 - do do
1896 l
18 | Farren & Co. Claggett&| 1895 5116 - - do do
OUDonovan
19 | Iron Worka - Before| 10 = - = - o
1896
Premium Bag Co. - Before| 10 {106 % o Sand and/or [Patuxent
I 1918 gravel
i
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Water level
(feet below land surface)

—
mep- Static Date
ing

—

d ajg e

- a70 o

o ag H

- u12 -

S a)8 o

J a4 -

- ay -

- a8 -

o als o

d a5 o

= a) -

o a3 o

& a6 o

z 'Pumping equipment

F4

2 )

2z =z

ZzZ2z 2

1

Depth

pump
below
land
surface
(feet)

of

——L

80(?)

5 g
Yield R = 5
- I
SES[R AN
6| 813 Remarka

Gallons | g

a Date T o °f &

minute g“’ 2| 8

@ S| F

- - - N | - | Well covered; exact Iocation
unknown.

= - - N | - [Exact location unknown.
Water reported brackiah.

= = - N| - Do.

60 - - N | - [Well covered; exact location
unknown.

26 = - N[ - Do.

75 - - N | - |Exact location unknown.

- o - N - [Well covered; exact location
unknown. Hard rock at 162
feet.

300 |(June 3, 1942 - I| - |Owner's well 1. See tables
of well loga and analysea.

24 - - N | - |Owner’a well 7. Well covered.
See table of analyaea.

90 - - N | - |Owner’a well 4. Well covered.
See table of analyaea.

- - - N| - |Owner's well 5. Well covered.
See table of analyaea.

20 - - N | - |Owner’a well 6, Well covered.
See table of analyaes.

- - - N | - ! Teat well; exact location
unknown. See table of well
loga.

1,000 - - N | - | Well covered. Water
reported aalty and high in
iron.

1 o o N| - | Well covered; exact location
unknown.

200 o - N[ - Do.

- - - N[ - Do.

200 - - N| - | Water reported brackiah at
40-45 feet. See table of
well logs.

- - - N | - | Exact location unknown.

- - - N| - Do.

- - - N - | Well covered; exact location
unknown.

30 o o Ni - Do.

35 - - N| - Do.

50 - - N! - | Exact location unknown. Hard
rock at 127 feet.

40 °© ° N| - Do.

- - - N{| - Do.

50 - - N| - | Well covered; exact location

unknown.
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TABLE 15—
el &) Dep th Principal water-bearing
:E E L4 of formation
) Date | ¢ & E a | screen
losyiay Owner or name Driller com-~ E: (D;eiih) B % helow
LT pleted | ¥ e land Character logi
E- 3 ‘%7 | surface of Calagie
& S (feet) material °ge
252E-21 | Arundel-Brooks Concrete - Before 5 (317 8 ° Sand and Patuxent and/o
Corp. 1918 gravel Pre-Cambrian
22 Do - Before 5157 - - do Patuxent
1896
28/ o - do 10 e © - o -
24 Arundel-Brooka Concrete - - 10 | 145 o - Sand and/or |[Patuxent
Corp. gravel
25 Do - - 10 | 145 - - do do
26 Do - o 10 | 145 o - do do
27 Do - - 10 | 145 1 - do do
28 Do - - 10 | 165 - - do do
29 Do - - 10 | 165 - - do do
30 Do 3 - 10 | 165 - - do do
31 Do o mll < 10 | 165 - - do do
32 Do S - 10 | 165 - - do do
33 | American Caun Co. - Before 5120 8 ° do do
1918
34 Do - do 5( 50 12 - do Pleiatocene
35 Do - do 5| 80 12 o do do
3 Do - do 51 60 12 o do do
k14 Do - do 5| 60 12 - do do
38 Southern Lacquer Co. Baltimore 1904 10 | 99 3 - Gravel Patuxent
Arteaian
Well Co.
39 | Procter and Gamble Mfg. Co. - 1897 10 | 110 - - Sand and/or do
grsvel
40 | H. J. McGrath Co. - 1884 5 | 100 8 - do do
|
41 Do - Before 5]225 4 - Hard rock Pre-Cambrian
l | 1896
42 Do - do 51120 6 - Sand and/or |Patuxent
gravel
43 Safe Depoait and Truat Co., (0'Donovan 1883 5| 100 8 - do do
44 Do o 1889 5 | 100 °© - do do
45 Do - do 5| 200(?) [3 - Hard rock Pre-Cambrian
46 Do - do 5|300(?) 6 - do do
47 | Edw. Renneburg & Sona Co. - - 5 - - - - -
48 Do - Before 51123 6 - Sand and/or | Patuxent
1896 gravel
49 | Davidaon & Co. - do 5 - 8 - o o
50 Baltimore & Ohio Railroad ({Schultz - 20 | 165 - - Sand and/or | Patuxent
gravel
51 | Procter and Gamble Mfg. Co. - 1891 10| 9%0 - - do do
- Schall Packing Co. I - - - - - - - -
|
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Water level
(feet below land surface)

P?mp- Static Date ,
ing
- a5 °
5 ays -
B .
o agQ o
o a%0 -
o a90 o
o ag0 -
A a0 o
- ag) o
- a0 o
o ag0 o
- ag -
- agn -
d ag -
- %10 °
© %10 °
- ag o
- 83| Before 1896

Z | Pum

.

4

4 ZzZz2Z22Z2 222222222 2Z2Z

222222

4

ping equipmen

Depth
of
pump
below
land

(feet)

!

surface

Yield

Gallons
a
minute

300

300

30
30
60
60
100

30

40

100
100
100
100

1,000
150

20

Date

t

>
-
o -~
93
R
%-«
5
v E
o (-
)
=
(-3
(7}

2 | Use of water

Temperature (°F.)

Remarka

z

4 Zz2Zz222Z Z2Zz2Z22Z22222Z 22

222222

4

Well covered; exact location
unknown. See table of well
logs. Water reported
brackiah at 42-47 feet.

Well covered; exact location
unknown,

PPYY FYFFPYFYE FF

Well covered; exact location
unknown. See table of well
loga. Water reported of
poor quality,

Well covered; exact location
unknown.

Well covered; exact location
unknown. Ample aupply
reported. Water reported
aalty.

Well covered; exact location
unknown. Ample aupply
reported.

Well covered; exact location
unknown.

Do.
Do.
Do.
Do.
Do.
Water reported high in iron.

Exact location unknown.
Water reported unfit for
uae.

Well covered; exact location
unknown.,
Exact location unknown.
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TABLE 15—
.I': & Depth Principal water-bearing
) E & b of formation
. Date | 8.£ | pepth E’m | screen
1”“;‘0" Owner or name Driller com= EV (fepet,) ] 'f‘: helow
WLt pleted| % 2 ?E land Character Geolozi
E & i surface of et &
e 8 (feet) material i
2S3E-1 Gunther Brewing Co. - - 55| 250 % 12 - Sand and/or | Patuxent
gravel
2 Do - - 50 - 8 - - -
3 Do - - 55 - 12 o & -
4 Do - - 70 - 12 - - -
S Do - - 50 - 8 - - -
6 | National Brewing Co. - - 77 | 430 8 None | Hard rock Pre-Cambrian
7 Do - 1887 85| 330 10 do do do
8 Do - 1891 77| 230 6 | 200-210 | Sand and/or | Patuxent
gravel
9 J. S. Young Co. - - 131 137 - - do do
10 Do 5 o 10 = o = 3 -
11 Do - o 10| 160 8 - Sand and/or | Patuxent
gravel
12 | w. H. Whiting Forging Co. - - 10 | 235 8 - do do
13 | American Smelting & - 1905 | 10| 235 8 - do do
Refining Co.
14 Do - 1902 10 215 8 - do do
15 Do - - 15 - 12 S o o
16 Do - - 15| 129 10 - Sand and/or | Patuxent
gravel
by Do Harria- 1941 15( 218 12 - Sand and do
Harmon gravel
|
18 Do - - 150 - 8 - - -
B Do - - 15 - 8 - 4 N
20 | Do 5 - 2| - - - - -
21 Do - - 20| - 12 - - -
22 Do - - 0| - 12 - - -
23 Do - - 20 - - - - o
24 Do - - 20 - 12 - - -
25| Do o M o 25| - 12 - - -
% Do Shannshan | 1905 | 20| 240 8 - | Sand and/or | Patuxent
| gravel
o Waller Oil Co. o o 10| 160 o o do do
28 Do - (- 10| 87 4 - do do
2 Do - - | 10 90 4 - do do
30 Do - Before| S| 90 12 - do do
1896 | |
31 Do - Before S| 190 10 - do do
1918
32 | ™. H. Whiting Forging Co. o || = 0 - 3 - - -
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Water level
(feet below land surface)

Pl.u"p- Static Date
ing
- a7g 1933

- | 2132 | Oct. 10, 1940

- | %109 | Oct. 10, 1940

- | 34.14| Apr. 20, 1945

- 942 °
o as59 S
- as50 -
- a16 -
- a)6 -

|
I

» | Pumping equipment

22222 2

Z22Z222 Zz 22

4

. -
15 3
el Yield 3-] |§
pump Fxl 8|
below : \E' ? E Remarks
land | Gallons cdaleal|®
surface a Dste zwl ol
A 0| e
(feet) | minute & :"‘3 IE

- o - o N| -|Owner's well 1. Well
covered. See table of
snalyses.

- - - - N| -|Owner'a well 2. See tsble
of anslyses.

- - - - N| - | Well covered.

- - - = N| - | Owner’'s well 4.

= - - - N| - | Owner’'s well 5. See table
of anslyses. 3

250 40 1943 o I{ -| Owner’'s well 1. Hsard rock
at 230 feet. See table of
analysea.

- 50 do - I| -|Owner's well 2. See tsble
of anslyses.

- 50 de - I| -| Owner’s well 3. See table
of snslyses.

° 35 © = N| -| Owner's well 1. See tsble
of analyses.

© 20 - - N| =-| Owner’s well 2. See table
of snslyaes.

- 90 1941 - N| -| Owner’'s well 3. Original
depth 1,000 feet. See table
of analyses.

- - - - N[ -| Well covered. Ample supply
reported.

o 100 - - N| -| Well capped.

° 100 - - N| -| Well covered. Ground around
well caved in.

- - - - N| - Water reported salty.

- 120 o o N| -| Well covered.

- - - o N| -] Casing filled with aand. See
tsbles of well logs and
analyses.

- - - - N| =-| Caaing filled st surfsce.

- - - - N[ -| Caaing cspped with concrete.

- = o - N[ - Do.

- - - - N| -| Well cspped.

- - - - N - Do.

- - - - N| -| Well covered; exsct location
unknown.

- - - - N|{ -| Cssing filled at surfsce.

- - - - N} -| Well covered.

- 180 - - Ni -] Well covered; exact location
unknown.

- - - - N - Do.

o 20 S = Nl - Do.

o 20 - - N| - Do.

- - - - Nf - Do.

- - - - Nl - Do.

- = - - N| -| Well covered.
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TABLE 15—
:3 3 Depth Principal water-bearing
= E o of formation
) Date | & & | pepch E # | screen
Location Owner or name Driller com- == (fepec) B £ | helow
number pleted | ‘% - ?:DE land Character 5
o 3 o2 = Geologic
=1 A surface of
E- 3 (feet) material age
2S3E-33 | Americsn Smelting & Shannahan [ 1903 10 | 225 6 - Sand Patuxent
Refining Co.
34 |Canton Lumber Co. - 1911 10 [250 10 - do do
35 Do - 1886 10 | 148 % - do do
36 |Crown Cork & Seal Co. - Before| 40 |187 8 - do do
1913
k14 Do - o 40 [ 172 8 o do do
38 Do - - 40 [157 6 - do do
39 |Pennaylvania Railroad Shannahan | 1876 S | 183 8 - do do
40 Do Downin - 5 {218 8 - do do
41 Do - Before 15 | 198 8 - Gravel do
1896
42 Do - - 15 | 197 8 o do do
43 |Owens-Illinois Can Co. - Before 5| 93 9 - Sand and/or do
1896 gravel
44 Do - do S |112 10 - do do
45 Do - Before S| 9 6 - do do
1903
46 Do - do ° S | 118 6 - do do
47 Do - Before 5 138 6 - do do
1896
48 |Standard 0il Co. - do 20 {165 - - do do
49 Do - do 20 | 114 8 - do do
50 Do - Before 20 | 50 - - Sand and/or |Patapaco(?)
1896 gravel
S Do Shannahsn | 1906 20 (214 - - do Patuxent
52 Do - Before| 20 (210 - - do do
1896 .
53 Do - do 20 [185 - - do do
54 Do - do 20 | 125 o = do do
55 Do - do 35 | 130 20 o do do
56 Do - do 20 1195 12 o do do
s7 Do - Before | 20 |184 13 - do do
1918
S8 Do Shannahan | 1909 40 | 184 10 | 141-147 do do
170- 180
59 Do @ Before 40 |185 10 - do do
1918
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Continued

Water level ::: Depth Yield E o
(feet below land surface) € of L = : <,
S | pump gol S| e

S | below : \é 3 E Remarks
i | land | Gallons 7=l
p‘."“p- Static Date ‘4 [surface a Date ] a
ing E (feet) | minute U% g l-E-

- a50 - N - 45 - - N | - |Well covered; exact location
unknown.

- - - N - - - - N | - [Water reported salty in 1911.

- - - N - 20 - - N | - [Well covered.

- %45 - N - 80 - - N | - (Well covered. See table of
analyaea.

- 845 - N - 92 - - N | - [Well covered.

s ag0 5 N - 27 - - | N - Do.

- a30 - N = = - - N - |Well covered; exact location
unknown. Water level re-
ported originally 2 feet
above land aurface.

- 820 - N - 130 - - N | - |Well covered; exact location
unknown.

- - - N - 100 |Before 1896 - N | - |Well covered; exact location
unknown. See table of well
loga.

- 850 - N - 125 - - N Do.

- - - N - 20 |Before 1896 - N { - |Well covered; exact location
unknown.

- - - N - - - - N | - [Well covered; exact location
unknown. Ample aupply
reported.

- - - N - - - - N | - |Well covered; exact location
unknown. Ample aupply
reported before 1903.

- o 5 N[ - 5 . o Rl I8 A

- - - N - - - - N | - |Well covered; exact location
unknown. Ample aupply
reported before 1896.

- - - N - 45 |Before 1896 - N | - | Well covered; exact location
unknown.

o o - N - 75 do - N| - Do.

- - - N - 10 {Before 1896 - N| - Do.

- %36 - N - - - - N| - Do.

- - - N - 80 |Before 1896 - N| - Do.

- - - N - 80 do - N - Do.

- - - N - - - - N | - | Well covered; exact location
unknown. Water reported of
poor quality in 1896,

- 940 | Before 1896 N - 400 |Before 1896 - N | - |Well covered; exact location
unknown.

o 220 do N - 550 do - N| - Do.

- - - N - 200 |Before 1918 - N | - | Well covered; exact location
unknown. Water reported
highly acidiec.

- 354 - N - 175 do - N | - | Well covered. Reported to
have pumped oil-water
emulaion immediately after
drilling.

- - - N - 75 do - N | - | Well covered. Water reported
to be acidic.
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TABLE 15—
.I'} H Depth Principal water-bearing
= E E = of formation
Date v v « b »Creen
Location Owner or name Driller | com- E z (I}e:)et:; < ": below [
number pleted| 5 S @5 | land | Character .
o3 2~ | surface of Geologic
5 S8 (feet) material i
253E-60 | Standard Oil Co. - Before 190 8 - Sand and/or | Patuxent
1905 gravel
61 Do Shannahan | 1907 40 | 200 6 - Sand and do
gravel
62 Do do do 40 | 213 10- 4% - Sand and/or do
gravel
63 Do do do 40 | 200 6 - do do
64 Do Layne- 1928 60 | 224 18 c Sand do
Atlentic
65 | W. H. Whiting Forgiog Co. - - 10 | 235 3 - Sand and do
gravel
66 | American Swelting & - - 25 | 196 4%-3 - Sand and/or do
Refining Co. gravel
67 Do Shannahan | 1905 25 | 210 8 - do do
68 |Griffith & Boyd Co. - - 10 | 190 10 o do do
69 Do o o 10| 90 12 - do Patapaco
70 | Standard 0il Co. - Before 20 [ 50 - - do do
1896
71 Do - do 20 | SO - - do do
12 Do - do 20 | 50 - - do do
73 Do - do 20 | S0 © - do do
74 Do - do 20 | 50 - o do do
5 Do Shannahan |[Before 35 - - - do Patuxent
1920
76 Do do do 40 = - - do do
K Do do do 40 - - - do do
78 Do do do 40 - - - do do
79 | Crown Cork & Seal Co. do 1915 30 2 = = 2 e
80 | Standard Oil Co. - Before 20 | 125 - - Sand and/or |Patuxent
1896 gravel
81 Do - do 20 | 125 - - do do
82 - - Before 20 | 212 - - do do
1918
83 - - do 20 [ 50 . - do Patapaco(?)
84 - - do 20 | 50 - - do do
85 - - do 20 | 50 - - do do
86 - - do 20 | 50 - - do do
87 - - do 20 50 - - do do
88 - - do 20 | 50 - - do do
89 - - do 20 [ 114 8 - do Patuxent
90 | American Smelting & Shannahan | 1905 20 | 240 8 - do do
Refining Co.
91 Do do 1903 20 (225 8 S do do
92 do do 20 |225 6 o do do
93 |Monumental Diatillera, Ioec. - Before - | 190 - - do do
1896
94 Do - do - (170 - - do do
o - = Before - (223 8 - do do
1918
|
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Continued

Water level % Depth Yield ‘3 I

(feet below land surface) £ of g :

i S 2405
6 | below o |L g Remsrks

o | land | Gallona & el | &

YIRS atic Date ‘2. |surface a Date i :'g ol &

ing E (feet) | minute ;.). :g é

- - - N - 25 |Before 1918 o N | - | Well covered.

- - - N - - - - N | - [Well covered; exact location
unknown. See table of well
logs.

- - - N - 120 1907 o N | - [Well covered. Wster reported
very scidic.

- - - N - - - - N | - | Well covered; exact location
unknown.

3110 a42 - N - 504 - 7.4 N -~ | ¥ell covered; exact location
unknown. See table of well
loga.

- - - N - - - - N | - |Well covered. Ample supply
reported. See table of well
loga.

- 226 - N - 40 - - N | - |Well covered; exact location
unknown.

- a40 - N - 50 - - N| - Do.

- - - N - - - - N| - Do.

s o S N S o S - | N - Do.

- - - N - - - - N - Do.

- - - N o o 5 s |Faalie Do.

- - - N - - - - N - Do.

S o o N o o o o A%t e Do.

- - - N 2 = o - IN| - Do.

- - - N - - - - | N - Do.

o o o N o o s = Hitnt (e Do.

- S - N o S o s |53 = Do.

. - - N| - ! . = | Is2 || hs Do.

= o - N - = o - | N - Do.

o o o N © © o o N| - Do.

- - - N - - - - N| - Do.

- - N 1 45 [Before 1918 - N| - Do.

- - - N - 10 do - N - Do.

- o - N - 10 do -1 NJ| - Do.

- o - N = 10 do - N| - Do.

- - - N - 10 do - N| - Do.

- - - N © 10 do - N| - Do.

- - - N - 10 do - N| - Do.

o o o N o 75 do o N| - Do.

- 850 | Before 1918 N o 235 do - N| - Do.

o as50 do N - 235 do o NI - Do.

- 450 do N - 45 do - N{ - Do.

- - - N - - - - N | - | Exact location unknown. Ample
aupply reported.

- @12 |Before 1896 N - S - - N[ - Do.

°© °© © o o 200 |[Before 1918 = -] - | Exact location unknown.
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Location
number

O D -1

10

11

12

2S5E-1

2
3
4
3SiE-1
124
3
4

H

6

7

Owner or name

| Standard 0i1 Co.

American Radiator &
Standard Sanitary Corp.

Crown Cork & Seal Co.

St. Paul’s Fifth Reformed
Church Cemetery
Do
Cambridge Iron & Metal Co.
> |
Do |
Crown Cork & Seal Co.
| Standard 0il Co.

De

Camp Holabird

Do
Do
Do

Cheaapeske Paperboard Co.
Do
Do

!Nntional Enameling &

Stamping Co.
Kennedy Co.

|National Enameling &
Stamping Co.
| Western Maryland Railway Co.

1

Driller

Guarantee
Water
Engi-
neering
Co.

Harris-
Harmon

Harr
Hoshall
do

Layne-
New York

do

do

Shannahan
Vatngnia
Machinery|

& Well
Co.

Layne-
Atlantic
do
do

Downin

Hoahall

Downin

TABLE 15—
:7 b Depth Principal water-bearing
= E 2 = of formation
| Date | 8.8 Depth ; @ | screen
com- | g : (feet) | ™ ‘: helow
pleted| % © g | land Character Geologi
E. 3 Fo surface of LR
& 8 (feet) material age
Before 200 8 - Sand and/or [Patuxent
1918 gravel
1926 31 176 20-16|163-176 | Sand and do
gravel
1942 60 |180 - - Sand and/or do
gravel
o 80 |100 - - do Patapsco
1943 80 {135 6 - do do
1919 40 {167 o o do Patuxent
do 40 210 8 - do do
1916 40 | 160 6 - do do
- 40 |121 8 = do do
1926 40 |224 12 2 Sand and do
gravel
1929 35 [229 18 ° Sand do
do 35 |224 o - do do
1933 40 (223 o °© Sand and do
gravel
1930 30 [290 12 = Sand and/or do
gravel
l
- | 40 |32 6| - do do
- 30 | 300 6 - do do
@ 30 |192 6 - do do
1942 20 |150 10 © do do
= 18 [150 10 - do do
1934 18 164 10 (136-156 |Sand and do
gravel
o 40 (167 6 - Sand do
1905 35 [200(?) 6 - Sand and/or do
gravel
1904 40 |162 6 o Sand do
Before 20 | 160 10 - Sand and/or do
1896 gravel
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Water level
(feet below lsnd surface)
P‘.‘mp_ Static Date
ing
%132 a50 1926
%132 4100 |Feb. 12, 1941
T1.73 [Apr. 6, 1945
160 - |Apr. 1, 1943
o 66.43 |July 21, 1943
- ag9 o
. a3s o
R a5 -
- a34 -
- a42 -
. a50 -
- 90.08 | Aug. 3, 1945
- |88.11 |Aug. 3, 1944
o 36.07 | Feb. 5, 1945
- [62.70 [July 1, 1943
= a5 | July 1943
u a40 3
- | ag-g -
. a4 -
. “lOJBcfore 1896

0 ]Pumping equipment

=

V22222

222

o~ =
£ ¥
D:Pf‘h Yield 3= 5
pump el 8
below :: § E Remarka
land | Gallons fdlwld
surface a Date ] 2 &
(feet) | minute ;-)' 4 5

- 200 Before 1918 - | = | - {Well covered; exsct locstion
unknown. Water reported
slightly acidic.

9 240 1926 3.1/ I | - |See tsblea of anslyses and

175 1943 well logs.
160 465 1942 - | I | - |See tsble of anslyses.

- - - ~ | D| - |Dug well. See tsble of
anslyses.

- - - - | D| - |[See tsble of anslyses.

- 60 - = | N | - |Well covered.

- 0 - - { N[ - Do.

- - - - | N| - |Cssing filled with debris.

- 80 - - | N| - [Well covered.

= 306 © ~ [ NJ - |Owmer’s well 1. Casing and
acreen psrtly decomposed
by corrosion. See tasble of
well logs.

© 336 ° = | N| - |Owmer's well 2. Cssing snd
screen partly decomposed
by corrosion. See tsble of
well logs.

- 504 - - | N| - [Owmer’s well 3. (Cssing and
screen partly decomposed
by corroaion. See table of
well logs.

9 300 - = N| - |Owner’s well 4. See tsble
of well logs.

S 260 1941 12.4/ N | - |Owner’s well 106. Wster level
meaaured periodically.

- d o - N -

= 0 . - | N| -

- - - - | N| - |Water level measured peri-
odically.

140(?) 111 |February 1945 - | I | - |Owmer’s well 4. See table
of analyses.

130 115 do = | I | - |Owner’s well 1. See table
of anslyaes.

- - - - | N} - |Well covered. See table of
well logs.

- 90 - - | N| - |See table of well logs.

- - - = | N| = |Well covered; exsct locstion
unknown. Wster reported
salty.

- 90 - = ! NI - |Well covered; exact location
unknown.

S 250 |Before 1896 - N[ - Do.
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TABLE 15—
:"a' o Depth Principal water-bearing
Iri E © of formation
. Date R | B c 2 | screen B
Location Owner or name Driller | com- E = (feper,) T 5 | below
. pleted | % o ?E land Character Geologi
§3 % surface of S 981c
& & (feet) material age
3S1E-8 |(Cheaapeake Guano Co. - Before| 20 54 174 - Sand and/or |[Patuxent
1896 gravel
9 Do - do 20 68 % - do do
10 Do - do 20 | 127 2 - do do
11 Do o do 20 | 117 2 - do do
12 Do o do 20 | 122 2 ° do do
13 |Consolidated Gas, Electric - 1907(?)] 20 | 150 6(?) I do do
Light & Power Co.
14 [Baltimore & Ohio Railroad Layne- 1926 43 | 185 10 - do do
New York
15 Do do do 43 | 179 18-13 - Sand and do
gravel
16 Do do 1924 43 | 170 18-13 - do do
- [Miller Fertilizer Co. - - 32 o o d - -
352E-1 |Fort McHenry Davia 1814 34 | 145 144-72| - Sand Patuxent
2 |Bethlehem Steel Co. ° = 10 | 167 6 - Sand and do
gravel
3 Do - 1904 | 10 | 118 6 - |Send and/or do
gravel
4 | Warren Mfg. Co. - Before 5 | 148 4 - do do
| 1896
3S3E-1 |Baugh Chemical Co. Shannahan | 1915 11 | 237 10-6 ° Sand and do
gravel
2 Do do 1918 10 | 165 - - Sand and/or do
gravel
3 |Pennaylvania Railroad - Before S| 170 4(7) o do do
1896
4 Do - do 10 | 125 12 ° do do
5 Do - do 10 | 170 3 - do do
6 Do - do 10 | 220 3 - do do
7 Do - do 10 80 3 - do do
8 |American Agricultural - do 5 | 220 6 - do do
Chemical Co.
9 Do Ruat 1897 5| 230 8 o do do
10 Do do 1902 5 | 240 6 - do do
11 Do o 1896(?) 5 180(?) 4 o do do
12 |Baugh Chemical Co. Shannahan 1908 10 | 245 8 - do do
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Water level
(feet below land surface)

pva- Static Date
ing

- 250 -

833.5(929.5 | Before 1862
d a0 -

|

- |%21.5 1915
= 70.5 | February 1941

Pumping equipment

|
L
|

4

4

Z22 2

Dep th
of
pump

below
land
surface

(feet)

190

%5 I
Yield -~ &
BEs 2
g s 8

o O 5 [ Remarka
Gallons s ||| =
a Date = | 0 &
minute :’," $| 5
A o |k

150 Before 1896 o N | - {Well covered; exact location
unknown.

175 do - N | - |Well covered; exact location
unknown. Water reported of
poor quality.

100 do - N | - |Well covered; exact location
unknown,

100 do - N - Do.

100 do - N Po.

30 = - N [ - [Well filled and covered;
exact location unknown.
Hard rock at 150 feet.
Water reported salty.

150 - - N | - (Well filled and covered
exact location unknown.

300 - - N | - [Well filled and covered;
exact location unknown.

See table of well loga.

168 - - N | - {Well covered; exact location
unknown. See table of well
loga.

- - - N | - |Exact location unknown.

60 Before 1862 15 N | - |Dug well. See table of well
loga.

100 - - N | - |Well covered; exact location
unknown. Hard rock at 162
feet.

- - - N | - |Well covered; exact location
unknown. Ample aupply re-
ported.

50 Before 1896 o N | - | Well covered; exact location
unknown.

220 May 3, 1943 - I| - [Owner's well 4. See table of
analyaea.

33 June 5, 1942 o I] - |Owner's well 2. See table of
analyses.

70 Before 1896 - N | - |Well covered; exact location

unknown.
Well covered; exact location
unknown. Ample supply re-
ported.

Do.

Do.

Do.

Do.

Do.
Do.

Well covered; exact location
unknown.

Well covered; exact location
unknown. Water reported
very good originally, later
high in aalt and acid.
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TABLE 15—
.’I.? & Depth Principal water-bearing
2 E ‘g’, - of formation
Nate ¢ v E A screen
Location Owner or name Driller | com- 2: (l'}eepetth) < % helow ]
T pleted| ' 3 : land Character 7
s % 1 surface of Geologic
5 S (feet) material ag
3S3E-13 | Baugh Chemical Co. - Before 10 | 175 - ° Sand and/or | Patuxent
1896 gravel
14 Do - do 10 | 226 o - do do
15 Do - do 10 | 130 % - Sand do
16 | Pennsylvania Railroad - do 10 | 200 10 - do do
17 | American Aericultural - do 10 | 140 24- 1% - do do
Chemical Co.
18 Do - do 10 | 140 24~ L4 r do do
19 Do - do 10 | 140 2414 - do do
20 | Baugh Chemical Co. Dexter 1909 51252 6 - do do
21 | Pennaylvania Railroad - Be fore 15 | 120 6 - do do
1896
22 Do o do 15 | 216 8 o do do
23 | Lazaretto Lighthouae Robinson 1886 5 | 165(7) 1% - do do
24 Do - - 5) 30 96 - do Pleistocene
\
25 | Pennsylvania Railroad - Before 15 | 129 10 - do Patuxent
1896
26 | City of Baltimore Raymond - 0 79 - - - -
Concrete
Pile Co. |
n Do do - 0| 78.5 - - o °
28 | Do do - 0| 85 - - - o
29 Do do - 0| 89.5 - S o S
30 Do do - 0| 88.5 - - B =
31 Do do - 0! 87 ° o ° o
32 | Do do - o 89.5 o o o o
33 Do do - 0 84.5 = e © -
34 | Baugh Chemical Co. Shannahan | 1909 10 | 171 8 - Sand Patuxent
|
35 |Pennsylvania Railroad - Beforel 15| 50 3 = Sand and/or | Patuxent(?)
1896 gravel
3S4E-1 | Camp Holabird o | 1936 17 | 312 12 - Sand Patuxent
2 | Weatern Electric Co. Layne- 1930 10 | 294 12 | 234-249 | Sand and do
Atlantic 264-294 | gravel
3 | Camp Holabird Shannahan 1906 20 | 184 5 - Gravel do
4 Do do do 20 | 184 5 o do do
5 Do do do 20 | 184 S o do do
6 | Pennaylvania Railroad - Be fore 5 | 165 16 - Sand end/or do
1896 gravel
7 Do = 1907 5 | 296 8 - do do
8 | Weatern Electric Co. Shannahan 1905 5 | 150 2 - do do
9 Do do do 5| 150 2 - do do
10 Do do do 51109 6 - do do
11 Do do do 5 (109 6 = do do
12 Do do do 5109 6 - do do
13 Do do do 5109 6 o do do
14 Do do do 5 | 109 6 - do do
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Water level
(feet below land surface)

Pump -

. Static
ing

Before 1896

Before 1896
do

do

do
do
Before 1918

Before
Before

1896
1918

Msy 10, 1943

1907

do
Before 1918
do
1905
do
do
do
do

1

Z | Pumping equipment

2z 2 2

ZZZ2Z22L22Z2Z

ZZZ 2

2222222

Dep th
of
pump
below
land
surface

(feet)

Gallons
s
minute

Specific capacity

(g.p.m./ft.)

Temperature (°F.)

Before 1896
do

Before 1896

do

do
Before 1918
Before 1896

do
Before 1918

.Before 1896

Before 1896

Msy 1943

1906(?)
do
do

Before 1918
do
1905
do
do
do
do

2 | Use of water

z

4

22222222

Z22Z 2 2

222 L2222

Well covered; exact location
unknown.

Do.
Well covered; exact location
unknown. Ample supply
reported.
Well covered; exact location
unknown.

Do.

Do.
Well covered.
Well covered; exact location
unknown.

Do.

Do.
Dug well, covered; exact
location unknown. Water
reported very brsckish and
hard.
Well covered; exsct locstion
unknown.
Test boring.
well logs.

See table of

Do.
Do.
Do.
Well covered; exact location

unknown. See table of well
loga.

Well covered; exact locstion
unknown.

See tables of analyses and
well logs.

Do.

Well capped.

Do.

Do.
Well covered; exsct location
unknown.
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TABLE 15—

Dep th Principal water-bearing
of formation

screen
helow
land Character

surface of

(feet) material

Date
Owner or name Driller com-
pleted

lLocation
number

tude (feet)

Geologic
age

Approximate alti-
Casing diameter
(inches)

T
l
{
H

Sand and/or [Patuxent
gravel

[Federa) Yeast Corp, 1935

—
<
—
<

do do do

Patapaco

do
do

do
do

Patuxent

Do do 8 do Patapsco

Reid-Avery Co. do 8 - do Patuxent
Weatern Electric Co. |Lnyne- 18-12|238-261 |Sand and do
Atlantic 281-301 | gravel

Do Sand and/or |Patapaco
gravel
Ball Park do Patuxent
Chemical & Pigment Co. o s

Do Sand and Patuxent
gravel
Do Sand and/or do
gravel
Do do do
Do do do

(
W. M. Gillmeyer -
Camp Holabird Sand and/or |Patuxent
gravel
Do do Patapsco

Patapaco(?)

22 Gravel Patuxent

|

23 - Sand and/or
| gravel

24 |[St. Helena Public Water do
| Supply
\

| U ——
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235

Water level
(feet below land surface)

Pump-
ing

Static

=58

453

51.72

42.63
%15

41.86
38.08

75.60

41.29
270

a7
290

a3

- > -
g D?f‘h Yield - g
£ £5 .
— IS P el 8| &
¢ | below o 6| B2 Remarka
o land | Gallons | E
Date ‘a |surface a Date e 3 ° g
E (feet) | minute é :37 [_'_Ej
1935 1 o 410 1943 = | I | 56{0Owner’s well 1. See table
of analyaea. 48 feet of
acrsen.
do I - 410 do - | I -|Owner' a well 2. See tsble
of analyses. 48 feet of
screen.

Apr. 20, 1945 [ N - - - - | N -|Owner’a well, Air Lift 1.
Equipped with water-atage
recorder from June ], 1943
to July 31, 1943.

May 10, 1943 N © o o - [N -|Owner’a well, Air Lift 2.

1915 N - - - - | N -|Owner's well, Air Lift 3.
Covered with cement.

May 10, 1943 A - - - - | T | 57|Owner'a well, Air Lift 4.

Feb. 15, 1945 See tsble of analyaes.

May 10, 1943 A = = o -1 57|Owner’a well, Air Lift S.
See table of analyaea.

do A - - - - I 57| Owner' a well, Air Lift 6.
Equipped with water-atage
recorder Aug. 16, 1943 to
Aug. T, 1944. See table
of analyaea.

May 10, 1943 A - - - - I |5%.5]Owner’a well, Air Lift 7.
See table of analysca.

- I 166 90 1942 -1 ~|See table of analyaea.

1930 I 206 750 1943 = | 1| 59|Owner’s well 1. Well re-

1940 paired by cementing. See

May 10, 1943 tables of well loga and
anslysea.

- N - 15 Before 1918 - !N -|Well covered; exact location
unknown.

- N - S0 - -| N c Do.

- N - - - - | N - Do.

° N ° 600 ° - | N -| See table of well loga.

° 1 o 900 1945 -1 -|Owner's well 2,

° N = 650 o - | N -!Owner'a well 1.

- ! - 500 1945 -1 ~|Owner’a well 3. See table
of analyaea.

= ° - ° - -1 - -|See table of analysea.

Before 1918 - 60 Before 1918 - | N -|Well covered; exact location
unknown.

- N - 4 - - N -| Well covered; exact location
unknown. Quality of water
reported poor.

Before 1918 N - 35 Before 1918 - | N -| Well covered; exact location
unknown. See table of well
logs.

° @ 9 50 = - - -|Exact location unknown.

- - - 80 1914 - | N -| Exact location unknown. See
table of analyaea.
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TABLE 15—
I —————T. T T I
| E _ E Depth l Principal wat_er-bearing
C S scz:efen formation
. Date | 8 & g ¢ . | o T
Location | Owner or name Driller | com- é < (Df?er;h) S £ | helow
numher |pleted| % % ;Cf- land | Character B
5 8 ‘5 ~ | surface | of Geoaog]c
l ‘ = & (feet) | material 8¢
— 4 +- 4+t 4+ - —
3S5E-25 | Camp Holabird - |Before 10 | 180 - = Sand and/or [Patuxent
| 1918 gravel
26 Do - do 10 | 200 - - do do
Do - do 10 | 200 - - do do
28 Do l - do 10 | 200 - - do do
29 Do - do 10 | 150 2 - Gravel do
30 |Federal Yeast Corp. Shannahan 1945 15 | 390 16 - Sand and do
gravel
31 ;Western Electric Co. Layne- 1946 5 | 436 20-12|261-286 do do
Atlantic
4S1E-1 |Arundel Corp. - 1920(?) 5 | 234 8 - Sand and/or |Patuxent
gravel
2 |U. S. Industrial Chemical - | - - - - - - -
Co. !
3 |Light Street Bridge - - 5 | 180 4 - Sand and/or [Patuxent
gravel
4 |Read Drug & Chemical Co. Harr - 15 - - - - -
4S2E-1 |Maryland Drydock Co. Shannahan | 1920 10 | 206 6 |190-206 |Sand and/or |Patuxent
| gravel
2 Do | Leather- 1926 10 | 262 6 - do do
bury
3 |Globe Shipbuilding & Dry - - 10 | 268 - - do do
Dock Co.
4 |Weyerhaeuser Timber Co. ] - 1918(7| 10 | 290 6 - do do
4S3E-1 |F. S. Royater Guano Co. lHoshnll 1919 10 | 313 10-8 - do do
2 Bethlehem Fairfield Ship- | Shannahan 1912 | 10 310 8-6 - do do
yards
3 Do Layne- 1943 | 10 | 357 18-8 © do do
Atlantic
4| Do ns do | 10 | 234 | 18-8 {200-230 do do
5 |Rasin-Monumental Co. Sydnor 1933 10 | 331 10 - do do
| Pump &
Well Co.
6 Do - |Before | 10 | 175% - - do do
1908
7 Do | Shannahan [ 1901 | 10 | 350 6-4 - do do
8 |Arundel Shipbuilding o - 10 | 317 - - do do
9 |Bethlehem Fairfield Ship- Layne- 1943 10 - - - do do
| yards Atlantic
10 |City of Baltimore Raymond - 0 20 - - - -
Concrete
Pile Co.
11 Do do - 0 51 - - - -
12 Do do | - 0 l 76 - - - -
13 l Do do l - ’ 0 | 80 - - - -
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237

956

290

%136

-

Water level
(feet below land surface)

Static

220
920
a20
a20

a3

270

67.29

%51

68.92
78.23

a8

62.71

July 15, 1943

1940

1944
Jan. 25,

1946

1943
1943
1943

February
Aug. 30,
Aug. 30,

1918

Oct. 15, 1945

-
Date
Before 1918
do
do
do
do
July 5, 1946

Pumping equipment

- 22 22 2

b

22z 2

Qoo Yield
of
pump i
below
land | Gallons
surface a Date
(feet) | minute
- 60 Before 1918
= 60 do
= 60 do
o 60 do
° 35 do
o 750 1946
- 1001 1943
72 90 1943
140 20 1943
9 100 A
160 400 1943
140 325} do
- 40 1918

T

Specific capacity
(g.p.m./fr.)

18

=z lUse of water

—_22 22

=

2z =z 2z

Temperature (°F.)

Remarks

Well covered; exact location
unknown.

PEE

Do.
See table of well logs.

Drilled after June 1945; not
ahown on Plate 1. See
table of well logs.

See table of analysea.

Well covered; exact location
unknown.

Well covered; exact location
unknown. Ample wster aupply
reported; reported to have
flowed.

Owner's well 1.
of analyaea.
Owner’awell 2, Pump capacity
150 gal. a min. See tablea
of analyaea and well logs.
Well covered; exact location
unknown. See table of

analyses. ’
Water corrosive.

See table

See table of analyaea.

Well covered. See table of
analyses.
Owner's well 1.  See tables

of well logs and analyaea.

Owner’a well 2. See table
of well logs.
Owner’a well 3. Hard rock

reported at 331 feet.

Owner’a well 1; well covered.
See table of analyaea.
Owner’a well 2; well covered.
See table of analyaes.
Exact location unknown.
table of analyaes.
Owner’s well New 2.

See

Teat well.
logs.

See table of well

F¥E




238 GROUND-WATER RESOURCES OF THE BALTIMORE AREA
TABLE 15—
é 5 Depth Principal water-bearing
I ’i 5 A of formation
q Date | .8 | Depth E% | screen .
Location Owner or name Driller | com- E < (fepet) 3 % helow
number |pleted| % ¥ :"E land Character S
;83. 2 = surface of ologic
3 S (feet) material 8¢
4S3E-14 | City of Baltimore Raymond - 0 81 o - ° o
Concrete
Pile Co. |
= Monumental Acid Worka - - - 155 4 - Sand and/or | Patuxent
gravel
5S2E-1 Brooklyne Chemical Works Shannahan | 1941 52 | 300¢% 10 - do do
2 Do do 1943 60 | 327 10 | 210-230 | Sand and do
246-252 | gravel
321-325
3 City of Baltimore - ]Before 40 | 440 - - Sand and/or do
1918 grave!l
4 ) Harper " 1907 | 40 | al6 8| - do do
5 Do do | do | 40 |s75 8| - |Hard rock | Pre-Cambrian
6 Do do do 40 | 130 8 - Sand and/or | Patuxent
J gravel
7 Do do do 40 | 109 - - do Patapaco
8 Do do do 40 | 170 8 - Sand Patuxent
9 Do - Before| 40 | 415 8 - Sand and/or do
1918 gravel
10 I Do - Before| 40 80 8-3 - do Patapaco
1896
11 Do - do 40 | 180 8-3 - do Patuxent
12 Do - do 40 - 8-3 - - -
13 Do McGluckim - 40 42 - - Sand Pleistocene
& Cannon
14 Do J. B. 1907 40 36 10 - Sand and do
McGluc kim | gravel
15 Do - Before| 40 | 180 8-3 - Sand and/or | Patuxent
| 1896 gravel
16 Do - do 40 | 180 8-3 - do do
17 Do - do 40 | 180 8-3 - do do
18 Do - do 40 | 180 8-3 - do do
19 Do - do 40 180 8-3 - do do
20 U. S. Induatrial Chemical [Shannahan | 1946 12 | 262 14-10 | 222-262 do do
Co.
5S3E-1 Do do 1943 10 - - . Sand and do
gravel
2 Do do 1936 15 | 306 - | 230-250 do do '




Continued

RECORDS OF WELLS

Water level
(feet below land surface)

Pump -
ing

July 31,
1943

1943

1896

do
do
do
do
1946

. 3, 1943

. 12, 1936
. 3, 1943

T

Z | Pumping equipment

Depth
of
pump
below
land
surface
(feet)

bt
T

Gallons
a
minute

Specific capacity
(g.p.m./ft.)

Temperature (°F.)

Remsrks

Z | Use of water

Teat well.
loga.

See table of well

Location unknown.

See table of analyaes.
See table of well logs.

Well covered; exact location
unknown.

Owner's well 1; well
covered; exact location
unknown. Hard rock at 400
feet.

Owner’s well 3; well
covered; exact location
unknown. Hard rock at 373
feet.

Well covered; exact location
unknown.

Owner’a well 5. Well covered;
exact location unknown.

Owner’s well 2; well covered;
exact location unknown. See
table of well logs.

Well covered; exact location
unknown. Hard rock at 440
feet.

Well covered; exact location
unknown. Ample supply re-
ported.

Do.
Do.

Well covered; exact location
unknown. See table of well
logs.

Do.

Well covered; exact location
unknown. Ample aupply re-
ported.

Do.

Do.

Do.

Do.
See table of well loga.
Drilled after June 1945; not
shown on Plate 1.
See table of analyses.

Owner’a well 5023. See
tables of well logs and
anslysea.




GROUND-WATER RESOURCES OF THE BALTIMORE AREA

TABLE 15—

Owner or name

Co.
4 Do

¥ ¥% ¥% ¥ ¥F§

’Thc Texas Co.

| Pan-American Refining Corp.

| Do

Do
\ Do
|

iEsstern Box Co.

24

25
26
27 |Richfield OQil Co.
28
29
30
31
32 !Continental 0il Co.

FPYFLYE FF

33 Do

34 Do

al ’.

Driller

Shannahan

Shannahan

do

Herahel
Shannahan

do

do

Shannahan

do

do

Approximate alti-
tude (feet)

—
(73

Casing diameter
(inches)

Dep th
of
screen
helow

land

surface

{feet)

Principal water-hearing

formation

of

gravel

gravel

gravel

gravel
do
do
do
Gravel

gravel
do
do

Sand and

gravel

gravel

gravel
do
do
do
do

do

gravel

Character

material

Sand and/or

Sand and/or

Sand and/or

Geologic
age

-— — 4 —

Sand and/or |Patuxent

Sand and/or |[Patuxent

Sand and/or {Patuxent

Patuxent

Sand and/or |Patuxent

Patuxent

do

Sand and/or do




Continued

RECORDS OF WELLS

Water level
{feet below land aurface)

Pump-
ing

1935

1943

1938

Aug. 3, 1943

do

Jan. 25, 1946
do

1934
July 1943

Z | Pumping equipment

2z

=z z 2z

Z >

Z Z

2 22Z 2222

!

Dep th
of
pump
below
land

(feet)

surface

Gallons
a
minute

Specific capacity
(g-p.m./ft.)

Temperature (°F.)

Remsrks

(23
o

Z | Use of water

Z

2z 2

22222222

Owner' a well 1694; well
covered.
Owner’a well 1696;
plugged.
Owner'a well
Owner'a well
plugged.
Owner’'a well
covered.
Owner'a well
Owner’a well

well

1698.
1699; well

1700; well

1697.
1695.

Owner’s well 7277.

Owner's well 1705;
plugged.

Owner'a well 6842. Well
gravel-walled by two
gravel conductora. Well
filled back to 282 feet in
1945. See tsbles of well
logs and analyses.

Owner's well 1704.

well may be

Owner'a well 1703.

Owner'a well 1701.

Owner’'a well 1702.

Well covered. See tablea of
well logs and analyaea.
Owner's well 1; well plugged.

Owner's well 2; well plugged.
Owner’a well 3; well plugged.
Owner's well 4. See tablea
of well logs and analyaea.
Owner’'s well 1; well
covered. See table of
analysea.
Owner'a well 2; well covered.
Owner’s well 3; well covered.

Owner’'a well 4; well covered.
Owner’s well 5; well covered.
Well covered.

Do.

Do.

Do.

Do.
Owner'a well 2. See table
of well loga.
Owner’a well 1. See tablea
of well logs and analysea.
Owner’'s well 3.




242 GROUND-WATER RESOURCES OF THE BALTIMORE AREA

TABLE 15—
— T
S & Depth Principal water-bearing
w o <. of formation
. Date | 8 E Depth 5 G | screen | 00000 =
Location Owner or name Driller  com- | E™ | (feet) 5 | below
e |P19t‘3l‘-l E: ZBE tand Character Geologi
3 ke surface of Forogns
' E‘- 8 L(feet) material age
553E-35 | Continental 0il Co. Shannahan% 1936 15 | 342 16-44 258-273 | Sand and Patuxent
| 316-342 | gravel
36 | Do do do 15 330 |16-10( 210-216 do do
‘ 255-262
| 319-330
[ ' |
37 Do do 1937 15 (361 16-6 | 333-346 | Sand and/or do
346-361 | gravel
. . l
38 Do i do ‘ do 15 | 358 16-6 | 264-274 do do
328-358
39 Do Pentz 1916 | 15 |225 4 - do do
40 Do do do 15 | 225 4 - do do
41 Do do do 15 | 225 6 - do do
42 Do do 1915 15 | 225 6 o do do
|
43 Do do do 15 | 225 6 - do [ do
l
44 ! Do do 1917 15 | 225 6 - do l do
45 [City of Baltimore Sewage Shannahan | 1908 10 | 381 8 - Sand and do
Diaposal Plant ! gravel
| |
46 | U. S. Induatrial Chemical do 1945 20 | 364 - - do do
Co. |
- | Baltimore Chrome Works - ‘Before - | 562 - - Sand and/or do
1896 | grave!
o Do - do - 155 4 - do do
6S2E-1 |U. S. Industrial Chemical [Shannahan | 1942 15 | 245 10 - Sand and do
Co. gravel
2 Do = 1925 | 15 | 367 = - Sand and/or do
gravel
3 Do o o 15 | 380 10-6 - Sand do
|
4 Do Shannahan 1939 15 | 227 10 - do do
|
5 | Do - - 15 |95  [8(n| - do do
21| | | |




Continued

RECORDS OF WELLS

243

Water level
(feet below land surface)

[unp oy el
lng
@209 -
@201 | <94

-| 997
4219 -

o 230

.1 &30

- a3

.| 83

- 430

-1 430

- 02

- [ 2105

96 - [Nov.
178 295

-1 995
8177 | 973

137 - 10ct.

-{ 989

Date

1939

1937

1937

1940

1918
do
do

do

do

do

1941
16, 1945

1943
1934
1939

12, 1945

1941

Depth
of
pump
below
land

(feet)

Yield

surface

Gsllons
a Date
minute

(g.p.m./fr.)

Specific cspacity

Temperature (°F.)

Remarks

2 | Pumping equipment

180

410 1939

570 1940 °

390 1937 3.7

860 do 10.2

80 - -

80 o S

80 S 5

75 - -

15 o -

100 1934 -

170 do -
410 1939

173 1934 o

Z | Use of water

56.5

57

Well gravel-walled by two
gravel conductors, 240 and
242 feet deep. See table
of well logs.

Owner’'s well 5. Well gravel-
wslled by two gravel con-
ductors, 202 feet deep.

See tables of snalyses and
well logs.

Owner’s well 6. Well gravel-
walled by two grsvel con-
ductora, 200 snd 201.5 feet
deep. See tsble of
analyses.

Owner’'s well 7. Well gravel-
wslled by two grasvel con-
ductors, 256 feet deep.

See tsble of anslyses.

Owner's well Old 1; well
plugged.

Owner's well Old 2;
plugged.

Owner's well 0O1d 3;
plugged.

Owner’s well Old 4; well
plugged. See table of
analyses.

Owner's well Old 5; well
plugged.

Owner’'s well Old 6; well
plugged.

Well covered; exact location
unknown. See tsble of well
loga.

Drilled sfter June 1945; not
shown on Plate 1. See table
of well logs.

Exsct locstion unknown.

well

well

Do.

Owner'a well 4241. See
tables of anslyses and well
logs.

Owner's well 1468; well
plugged. See table of
snalysea.

Owner’'s well 1323. See
tables of well logs and
analyses.

Owner’s well 3700. See
tsbles of well logs and
snalyses.

Owner's well 1324. See
tsbles of well logs and
analyses,




244 GROUND-WATER RESOURCES OF THE BALTIMORE AREA

TABLE 15—
II}' 5 Depth Principal water-bearing
i Ry of formation
. Date | & E Depth £ 2 | screen
Location Owner or name Driller | com- | 2 | (feqr) T £ | below
number pleted| % < .21 land | Character Geologi
B e surface of £ ORTC
<& S (feet) material age
6S2E-6 |U. S. Industrial Chemical - 1923 15 | 228 8(?) - Sand and Patuxent
Co. gravel
7 Do - do 15 | 321 |8(7) - Sand do
8 Do - 1925 15 | 374 12 - Sand and/or do
gravel
9 | Do Shannahan | 1940 25 | 293 10 - do do
|
10 Do do 1935 22 | 144 12 | 118-138 | Sand Patapsco
11 Do - 1917 15 | 301 - |273-297 |Sand and/or |Patuxent
gravel
12 Do - do 15 | 297 o o do do
13 Do - do 15 | 297 - | 269-293 do do
14 Do Shannahan | 1920 15 | 431 - - do do
15 Do = 1917 15 | 342 o - do do
16 Do - do 15 | 285 - - do do
1 Do - do 15 | 283 - - do do
18 Do - do 15 | 285 o 3 do do
19 Do - do 15 | 341.5 = |298-322 [Sand do
20 Do - - 15 - - - - -
21 Do : - 15| - o - .
22 Do - - 15 S o - o o
23 Do . 5 15| - sl - 5 5
24 Do = 1917 15 | 302 - |279-295 [Sand Patuxent
25 Do - - 15 | 197 - - Sand and/or do
gravel
26 Do o o 5| - s a 5 o
27 Do - 1917 10 | 306 - |290-306 |[Sand and/or |Patuxent
gravel
28 Do = 1919 10 | 309 - (289-305 (Sand do
29 | Standard Wholesale Shannahan | 1921 30 | 330 10-4%)299-324 |Sand and/or do
Phoaphate & Acid gravel
Works, Inc.
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Continued

Water level % Depth Yield ‘E o
(feet below land surface) £ of M : o
5 | pump gol 8| e

T | below : | E Remarka
po land | Gallons & 3| oo z
P(.xmp- Static Date ‘A |surface a Date T®° 2
1ng E (feet) | minute ’% g EE

- %61 1934 A - 250 1934 - N | - |Owner'a well 1325. See table

- | 73.46 | Jan. 25, 1946 of well logs.

- 862 1923 A - 95 do - I |57 [Owner’'s well 1326. See

- ag9§ 1934 tables of well logs snd
analyaea.

- a95 1934 N - 170 do - N | - |Owner’a well 1469. Screen
collspsed.

8176 | 8100 1941 I | 220 650 1940 9 I |58 |Owner’a well 3929. See table
124 - | May 4, 1945 of analysea.

- {35.64 | Sept. 9, 1944 A o 150 + 1943 = 1 - {Owner'a well 2540. See
tables of well logs snd
anal yaea.

- 824 1935 N - 201 1935 - N | - |Owner’a well 747; well
plugged. See table of
analyaes.

- 824 do N - 231 do - N | - |Owner'a well 750; well
plugged. See table of
anslyses.

- 1430.5 do N - - - - N | - |Owner's well 748; well
plugged. See table of
analyaea.

- - - N - - - - N | - [Owner’s well 1154; well
covered. See table of
well logs.

- - - N - - o - N | - |Owner'a well 74]1; well
covered.

- - - N - - - - N| - |Owner’a well 739; well
covered.

- - - N - - - - N! - [Owner's well 743; well
covered.

- - - N - - - - N| - |Owner’s well 742; well
covered.

- - - N - - - - N| - |Owner’'s well 740; well .
covered. See table of well
logs.

- - - N - - - - N | - [Well covered.

- - - N - o - o N| - Do.

- - - N - o o o Nl - Do.

- - - N - - - - N | - |Owner'a well 744; well
covered.

o 426 1917 N o 180 1917 - N | - [Owner’s well 749; well
covered. See table of well
logs.

- - - N - - - - N | - [Owner’a well 746; well
covered.

- - - N - - - - N | - [Owner’a well 745; well
covered.

- - - N - - - - N| - |Owner’s well 752.

a - - N O 250 1917 o N|{ - |Owner'a well 751. See table
of well logs.

- - - A - - - - I [57 | Owner’a well 1. See table
of analysea.




GROUND-WaTER RESOIRCES

OF THE BALTIMORE AREA

TABLE 15—

Location
number

Osmer or name

Driller

Date
com-
pleted

Depth
of
screen
below
land
aurface

(feet)

Approximate alti-
tude (feet)
Casing diameter
(inches)

Principal water-bearing
formation

Character
of

material

Geologic

age

Standard Wholeaale
Phosphate & Acid
Works, Inc.

Do

Do
Americsn 0il Co.

E.I. DuPont de Nemours Co.
Standard Wholesale
Phosphate & Acid

Works, Inc.

Baltimore & Ohio Railroad

Standard Wholeaale
Phoaphate & Acid
Works, Inc.
Do
Baltimore & Ohio Railroad

E.I. DuPont de Nemoura Co.

Do
Standard Wholessle
Phoaphate & Acid
Works, Inc.
Do
Bethlehem Fairfield
Shipyarda

FPYPFFFYYEFY

FEFEPYF

Shannahsn

Shannahao

do
do
do
do
do
do
do
do
do
do
do
Qurtis
Woodruff
Co.
do
do
do

w
o
—
o
v
o

293-348

-

- - - - - - S )

Sand and/or |Patuxent

gravel
Sand do

Sand and do
gravel

Sand snd/or
gravel

do Patuxent

do do

Patapaco

Sand

Sand and/or
gravel

do do
do do

do Pstapaco

Patuxent
do

Patapaco

do
do
do
do
do
do




Continued

RECORDS OF WELLS

Water level
(feet below land surface)

Static

|
I
I
|

Pumping equipment

z 2

222222222222

Dep th
of
pump
below
land
surface

(feet)

Gallons
a
minute

Specific capacity
(g.p.m./ft.)

Temperature (°F.)

Remarks

| Use of water

4

222222222222

Owner'a well 2.

of analyaea.

See table

Owner' a well 3. See tables
of analyaea and well logs.
Owner'a well 4. See tables
of analyaea and well loga.
Well covered. Quality re-
ported poor.

Teat well.

Exact location unknown.

Well covered; exact location
unknown. See table of well
loga.

Well covered; exact location
unknown. See table of
analyaea.

Do.

Well covered; exact location
unknown.

Well covered; exact location
unknown. Ample yield re-
ported in 1896.

Do.
Exact locstion unknown.

Do.
Well covered; exact location
unknown.
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TABLE 15—
.:3 8 Depth Principal water-bearing
i) 7:: o . of formation
o Date 88 | Depth E 7 | screen
Location Owner or name Driller | com- E: (fepet,) e % below
Rty pleted| % % ?E land Character Geologi
E- 3 B surface of S8
& ] (feet) material =8¢
6S3E-1 |Daviaon Chemical Corp. - - 6 | 244 10-6 1230-244 |Sand Patuxent
2 Do Shannahan - 10 | 460 8-6 |448-460 |Sand and do
gravel
3 Do - - 10 | 430 8-441415-430 |Sand and/or do
gravel
4 Do S - 10 | 320 [10-4%) - Sand and do
gravel
3 Do - - 10 | 307 |10-6 |290-307 |Sand do
6 Do = = 10 | 316 - = do do
7 Do Shannahan - 20 | 339 10-8 [323-339 do do
8 Do Harria- 1940 20 | 310 - - do do
Harmon
9 |Baltimore & Ohio Railroad - - 11 | 125 - - Sand and/or |Patapaco
gravel
6S4E-1 |U. S. Quarantine Station - - 10 | 125 6 - do do
- Do - - - | 150 - - do Patuxent
TS2E-1 |A. Smith & Sona - - 10| 24 - - do Pleiatocene
7S3E-1 |Daviaon Chemical Corp. Shannahan - 10 | 166 - - do Patuxent
2 Do - 1915 130%( 260 8-6 - do Patapaco
3 Do Shannahan | 1913 | 130%| 244 - |233-244 |Sand and do
gravel
4 Do Hoahall 1919 30 | 175 6 - Sand and/or |Patuxent
gravel
TSSE-1 |U. S. Navy Fort Armiatead - 1898 | 15-20] 572 6 - do do
2 |Daviaon Chemical Corp. Shannahan | 1909 - | 240 - - do do
3 Do do 1901 20 | 148 10 - do Patapaco(?)
4 Do do 1895 20 160 10 < do do
S |Hawkina Point - do - 137 - - Sand Patapaco
1S1¥-1 |Armour & Co. Downin - 45 | 178 6 - Hard rock Pre-Cambrian
2 |E. H. Koeater Bakery Hoahall 1923 65 46 6 - Sand and/or |Patuxent
gravel
3 |Consolidated Cold Miller - 30 | 304 8 - Hard rock Pre-Cambrian
Storage, Inc.
4 Do Downin - 30 | 100 8-6 - do do
5 Do - - 30 - - - - -
6 Do . - 0| - s . S s
7 Do o o 30 = o o o e
8 Do - . 0| - - . - s
9 Do - - 30 - - - - -
10 Do o o 30 o o = o o
11 Do 5 g 30 . - - S -




Continued

RECORDS OF WELLS

249

Water level
(feet below land surface)

P‘.mp. Static Date
ing
- | 64.26 |Aug. 13, 1943
2100 - 1938
- 90 | Aug. 13, 1943
107 81 | Aug. 13, 1943
- 8 {Nov. 9, 1943
= 3100 5
- |934-38 =
- ag =
o als S
= agq -
- %30 -
- %30 -

» » =

§ | Depch Yield a~l ¥

"3 pump éé < o

T | below :\s ? E Remsrka

=7 land | Gallons Holr -9 a

‘o |surface a Date g w| © | 4

E (feet) | minute :.)_v :3) E

N - 30 1943 - N | - [Owner'a well 1; well plugged.
See table of analyaea.

N - - - - N | - [Owner’s well 2; well plugged.
See table of well loga.

© o s - N | - |Owner’'s well 3; well plugged.

N | 181.4 a - - N | - |Owner’'s well 4; well plugged.

N | 220 - - - N | - |Owner's well 5; well plugged.

N 252 90 1942 - N - |{Owner’a well 6; well plugged.
See tables of well logs and
analyaea.

I = 134 1938 - N | - |Owner’'a well 7. See tablea
of well logs and analyaea.

1| 150% 500 1943 19.2 1 I |60 [Owner’'a well 8. See tables
of well loga and analyses.

N - - - - N | - |Exact location unknown.

1 20 65 1943 - P | - | See table of snalyses.

N - - - - N | - |Well covered; exact location
unknown.

R - - - - 1| -

N - - - o N | 58 | Well plugged with cement in
1945. See table of snalyses.

A - - - - D | - | See table of analyses.

A - - = - N | - [ See table of well logs.

N - 8 - - N | - | Exact location unknown. See
table of snalyses.

N ° 50 - - N | - | Well covered.

N - s - - N | - | Well covered; exact location
unknown.

N - 40 - - N[ - Do.

N o 60 - - N - Do.

N - - - - N | - | Well covered; exsct location
unknown. See table of well
loga.

N - 50 - - N| - | Well covered; exact location
unknown.

N - 5 - - N | - | Well covered.

N - 25 - - N | - | Well covered; exact location
unknown.

N - 60 - - N | - | Well covered; exact location
unknown. See table of well
loga.

N - - - - N| - | Well covered; exact location
unknown.

N - - - - N| - Do.

N - o o © N{ - Do.

N - - - - N{| - Do.

N - - - - N| - Do.

N - - - - N| - Do.

N - - - - N} - Do
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TABLE 15—
5 H Dep th Principal water-bearing
I} 'E © of formation
. Date | ¢ © th | & 0| screen
Location Owner or name Driller com- E < (ltpet) T 5 | below
number pleted| % ®©5| land Character i
22 g5 surface of =c e
5-' S (feet) material S8E
1SIW-12 |Conaolidated Cold - S 30 S - = - _
Storage, Inc.
13 Do - - 30 - - - - -
14 Do - - 30 - o o - -
15 Do - o 30 - o o - -
16 Do o - 30 - o o - -
17 Do - o 30 - - - = -
18 Do - o 30 - = = S o
19 Do o = 30 o o o = =
20 Do 5 . | - B ' 5 -
21 Do - - 30 - - - - -
22 Do - - 30 - - o = =
23 Do - - 30 - - - q o
24 Do - - 0| - - - 2 o
25 Do - Before 36 | 353 8-6 - Hard rock Pre-Cambrian
1896
26 |Swift & Co. Brown 1909 40 105 6 - do do
21 |Levy Hat Factory Ruat 1911 55 | 525 6 - do do
28 | “Parking Lot” Downin - 37 85 6 - do do
29 De do = 36 77 6 - Sand Patuxent
30 Do do - 36 90 6 - do do
31 Do do o 36 94 6 - do do
32 |Waltera Art Gallery - o 80 > - o . -
33 |St. Alphonaus Churcb Miller 1900 40 42 60 - Gravel Patuxent
34 Downin - 70 105 - - Hard rock Pre-Cambrian
1S2%-1 |American Ice Co. do 1911 132 | 242 6 - do do
2 Do do do 132 | 200 6 - do do
3 Do do ° 75 11017 3 - do do
4 Do Eaatern 1904 75 - 8 - do do
Arteaian
We!ll Co.
S |Baltimore Brewing Co. Downin - 100 | 312 - - do do
6 |Lipp Sosp Worka - Before | 80 | 200 - - do do
1896
7 Do - do 80 | 350 - - do do
8 |Ward Baking Co. - - - - - - - -
1S3¥-1 |Baltimore Butchera Abattoir | Hoahall 1929 100 | s03 6 - Hard rock Pre-Cambrian
2 |Baltimore Paint & Color - - - - - - o -
Worka
3 Do o S o o o S = o




Continued
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Water level : Depth 3 z :
(feet below land surface) §_ of Yigld § e 2
2| pume 24l 5|3

S | below : A E Remarka
STt % | land | Gallons = n. o, E
P 1St atic Date '3 |surface a Date g o % a
ing E (feet) | minute %V g IE

- - - N - - - - N | - [Well covered; exact location
unknown.

o || N8 5 N| - : - - | N - Do.

- - - N - - - - N| - Do.

2 %= . N - 5 5 s |FR | Do.

= 5 5 W e o 5 s | w s Do.

- - - N - - - - N - Do.

A 5 5 N - . - -~ - Do.

=f = g N - o . - IN]|- Do.

= | = - N = - = - | N - Do.

= || 19 5 N . . s - N - Do.

- - - N - - - - N - Do.

< = 5 R & o =1 w1 5 Do.

-1 - o N o s 5 - IN| - Do.

- - - N o 100 = - N | - |Well plugged in 1909 or
1911. Well covered; exact
location unknown.

- - - N - 11 - - N | - |Well covered.

- 23 1944 N o 130 o o N| -

- - - N - - - - N | - [Well covered; exact location
unknown. See table of well
loga.

- - - N - 4 - - N - Do.

- - - N - 4 - - N | - |Well covered; exact location
unknown.

- - - N - - - - N [ - |Well covered; exact location
unknown. See table of well
loga.

- - - N - 200 - - N | - |Well covered; exact location
unknown.

- 238 1918 - - 35 1918 - - | - | Dug well; exact location
unknown.

- - - N - - - - N | - |Well covered; exact location
unknown. See table of well
logs.

- %14 - N - 60 - - N | - | Well covered. Hard rock at
15 feet.

- %15 - N - 40 - - N | - |Well covered. Hard rock at
20 feet.

- - - N - 20 - - N[ - [Well covered. See table of
well loga.

- - - N - - - - N | - | Well covered. Hard rock at
45 feet.

- - - - - 18 1918 - N | - [Exact location unknown.

- - - - - 35 1896 - N| - Do.

- - - - - 35} do - N| - Do.

- - - - - 14 - - - | Exact location unknown. Hard
rock at 15 feet. '
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TABLE 15—
el H Depth Principal water-bearing
= ?’ E, A of formation
Date 9 v % 9 | screen
Location Owner or name Driller | com- ER 5 'c: below
number E e (feet) g
pleted| % © :’ ~ land Character .
e ‘%7 | aurface of Geologic
g & | (feet) | material £E=
1S3W-4 |Baltimore Paint & Color - - - - - - - -
Worka
S |Otterheimer Broa. - - - - - - - -
6 |Superfine Ice Cream - - - - - - - -
7 |Wilkens Hair Factory Downin 1909 60 | 200 6 - Hard rock Pre-Cambrian
8 Do do do 60 | 206 6 - do do
9 Do do do 60 | 225 6 - do do
- | Sheep Butchers Abattoir - - - 80 - - - -
1S4W-- | Montgomery Property - o 200 98 6 - Hard rock Pre-Cambrian
1S6W-1 |James Cook - - - - - - - -
251¥-1 [Hilgartner Marble Co. - - 10 5% | 8-6 - Sand and/or |Pleiatocene(?)
gravel
2 Do - - 10 15+ 8-6 - do do
3 Do o - 10 15t 8-6 - do do
4 Do - o 10 15¢ 8-6 - do do
S Do - - 10 5% | 8-6 - do do
6 Do - - 10| 75% | 8-6 - do do
i Do = o 10 15+ 8-6 - do do
8 Do = - 10 | 75% | 8-6 - do do
9 Do - - 10| 44 4 - do do
10 |National Distillers - About 10 55 144~ - do do
Products Corp. 1900 120
11 Do - do 10 55 144- - do do
120
12 |Baltimore Pearl Hominy Co. | Hoahall 1920 10 - - - o o
13 Do do do 10 ° o o o -
14 Do do do 10 - ° i ° °
15 Do do do 10 ° o = o °
16 Do do do 10 - - - - -
17 Do do do 10 - - - = =
18 Do do do 10 = - s . =
19 Do do do 10 - - - - -
20 |Revere Copper & Brass, Inc. do 1924 20 60 + - - Sand and/or [Pleistocene(?)
gravel
21 Do do do 20 | 60% - - do do
22 Do do do 20 60 + - - do do
23 Do do do 20| 60t - - do do
24 |[National Distillera Baltimore | 1904- 10 40 2 - do do
Producta Corp. Arteaian | 1914
Well Co.
25 Do do do 10 40 24 = do do
26 Do do do 10 40 24 = do do
V14 Do do do 10 40 2% - do do
28 [Purex Products, Inc. - - 20 | 500 - - Hard rock Pre-Cambrian
29 |Maryland Chemical Co. Hoshall 1919+ 6| 180 6 - do do
30 | Cat’a Paw Rubber Co. Harr 1936 15 | 611 8 e do do
31 |Hannis Diat. Co. - Before 10 | 800 - - do do
| 1896
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Water level E Depth Yield ‘? I
(feet below land surface) £ of E: . 4
'S | pump eS| O} v

T | below : : ‘5 5 Remarks
P :’ land | Gallons | e )
‘.::P- Static Date ‘a |surface a Date L z 4
g E (feet) | minute % £ é

- o o g o - = - N| -

= = 9 = ° ° = © - | Exact location unknown.

= o S = = E o = = S Do.

- - - - - 35 1918 = N[ - Do.

- - - - - 4 do - N| - Do.

- - - - - 35 do - Nl - Do.

- - - - - 66 1896 - N - Do.

= = = - - 3 1918 - - - Do.

- - - - = = = = = = Do.

5 - . N = a - - N | - | Well covered. Water re-
ported brackiah.

- - - N - - - - N| - Do.

- . ! N . - - - | N - Do.

A B, . N . - . - | N| - Do.

- - - N - - - - | N| - Do.

- 2 J N . . L = || e Do.

5 5 5 N . . s - | N| - Do.

- - d N[ - - 5 sl s Do.

- - . N - - . - | N - Do.

- - - I - - - = 1| - |Dug well. See table of
anzlyses.

- - - N - - - - N| - | Dug well; covered and
filled.

- - - N - 25 - - N| - | Well covered; exact location
unknown.

- - - N - 25 - - N[ - Do.

- - - N - 25 - = N[ - Do.

- - - N - 25 - - N[ - Do.

- - - N - 25 - - N| - Do.

- - - N - 25 - - N| - Do.

- - - N - 26 - - N - Do.

- - - N - 25 o < N{| - Do.

- - o N| - s 5 - | N - Do.

5 5 5 N| - 5 5 - N - Do.

5 . 5 N . 5 5 - | N - Do.

. 5 o N s = 5 N - Do.

- a]0 - N - 62 - - N | - | Well covered; exact location
unknown. See table of well
loga.

- %10 - N - 62 - - N| -| Well covered; exact location
unknown.

- 210 - N - 62 - - N| - Do.

- 210 - N - 62 - - N| - Do.

- - - N - 0 - - N| -] Well covered; exact location
unknown. Hard rock at
30 feet.

- - - N - 20 - - N{ -| Well covered. Hard rock at
18 feet. Quality of water
reported poor.

- - - N - 6 1936 ° N! -| Exact location unknown.

- - - N - 2 1896 - N| - Do.
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TABLE 15—
.IT & Dep th Principal water-bearing
e b of formation
© e
. Date | 8 .8 Depth | .2 @ | screen
Location Owner or name Driller com-~ EV (feet) | ® < helow
punkieg pleted| % < :’E land Character Geologi
E 3 b} aurface of GG
2. 5 (feet) material age
251¥-32 |Hannis Diat. Co. - Before 10 42 12 - Sand and/or |Pleiatocene
1896 gravel
33 Do - do 10 42 12 - do do
34 Wm. Grecht Co. - Before 10 33 - - do do
1918
282W-1 |Baltimore Enamel & Novelty - 1917 10 | 100 6 - Hard rock Pre-Cambrian
Co.

2 Do - do 10 | 100 6 - do do
2S3W-1 [Greenwald Abattoir Downin - 100 196 6 - do do

2 Do do - 100 - - - - -

3 |Industrial School for Boys |[Conlan - 100 | 775 - - Hard rock Pre-Cambrian

4 |United Diatilleriea - | 1895 85 | 480 6 - do do

- |Lober Downin Before | 120 | 360 - - do do

1918
254W-1 |St. Agnea School - Before | 140 | 800 - - do do
1896

2 |St. Joaepha College - 1907 | 200 67 [3 - do do

3 |Chas. Wiskow Hoahall 1911 | 200 | 254 6 - do do

4 Do do do 200 | 109 6 | None do do

5 |Victor G. Bloede Co. Stothoff 1902 | 120 | 400 - do do do
3SI¥-1 |Carr-Lowrey Glass Co. - - 15 | 206(?) - do do do

2 Do Harr Before 15 | 400 8 do do do

1927

3 Do do 1918 | 15 | 500% 8 do do do

4 General Chemical Co. - 1894 20 | 104 6 - Sand and/or [Patuxent

gravel

5 |Consolidated Gas, Electric - - 10 60 6 - Sand do

Light & Power Co.
6 |Westport Paving Brick Co. - - 15 19 150 - Sand and/or do
o gravel
7 |Conaolidated Gas, Electric |Baltimore - 20 150 4 - do do
Light & Power Co. Artesian
Well Co.

8 |[Kleins Park - - 10 40 - - do Pleistocene
352#-1 |Maryland Glasa Corp. Downin - 20 | 267 6 None Hard rock Pre-Cambrian
3S3W-1 |General Tire & Rubber Co. - 1942 | 108 | 149 6 do do do
354W-1 |Excelsior Brick Co. - 1922 | 200 | 270 - - do do
INIE-1 |Belvedere Hotel - - 100 |1105 o - do do

2 |Mr. Branzinger Miller 1899 80 32 4% © Sand and/or |Patuxent

gravel
|
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Water level

(feet below land surface)

Pump-
ing

Static

a12

a

a10

30

2.5

a29

Date

May 4, 1944

1927(2)

Sept. 9, 1944

1918

t

Dep th
of
pump
below
land
surface
(feet)

Yield

Gallona
a
minute

Date

Specific capacity
(g.p.m./ft.)

Temperature (°F.)

Remark s

Z | Pumping equipment

z Z

254

250-255

70

70

22

22
130

12

80
15

50
20

22.5

245 ¢

35

1896

do

1930+

do

1943
1918

1918

do

1944
do

1913¢

Z | Use of water

z z 2z

vz Z 2

—

§7

Exact location unknown.

Do.
Well covered; exact location
unknown.
Water reported high in iron.

Do.
Exact location unknown. See
table of well logs.

Exact location unknown.

Exact location unknown. Hard
rock at 28 feet.

See table of analyaea.

Exact location unknown.

Do.

Do.

Exact location unknown. See
table of well loga.

Exact location unknown. Hard
rock at 11 feet.

Exact location unknown. See
table of well logs.

Well covered.

Owner’'s well 1. See table of
analyaca.

Owner’a well 2. See table of
analyaea.

Well covered. Water reported
high in iron.

Well covered; exact location
unknown. Small yield re-
ported. See table of well
loga.

Dug well. See table of
analyaes.

Well covered; exact location
unknown. Water reported
high in iron. Ample yield
reported.

Well covered; exact location
unknown.

Hard rock at 30 feet. Small
yield reported.

See table of well logs.

Well dug to 80 feet, drilled
from 80 to 270 feet.

Hard rock at 40 feet. See
table of analyses.

Exact location unknown.
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TABLE 15—
:'3 H Depth Principal water-bearing
i "5 D of formation
. Date | 8.8 | Depth E 2 | screen
Location Owner or name Driller | com- § = (fepet) T 5| helow
number pleted [ ‘% ¥ ?E land Character Geologi
Bs) & surface of ologic
E S (feet) material s
INIE-3 |Baltimore Polytechnic - - 120 - - - 9 o
Institute
IN2E-1 | American Brewery, Inc. Harper 1907 | 140 | 1500 8 - Hard rock Pre-Cambrian
2 Do do do 140 | 3000 8 - do do
3 Do - - 140 600 = © do do
4 - - Before | 100 315 - - do do
1896
S - - do 100 400 - - do do
6 |Suburban Club Carbonated - do 120 286 6 - do do
Beverage Co.
7 |Mr. Herring Miller 1899 90 62 6 - Sand and/or |Patuxent
gravel
8 |Mr. Novak Thomaa  (Before | 80 84 5 o do do
1918
IN3E-1 |National Fruit Co. - - 80 - 6% - do do
2 Do - |5 e 80 45+ 6% - do do
INSE-1 | Baltimore Stamping & - - 15 6 - - do Pleiatocene
Enameling Co.
2N1E-1 | Darby Park Brewery - Before - - - - - -
1896
2 |Fairfield Weatern Maryland | Washingtam 1940 | 140 790 12¢ | None |[Hard rock Pre-Cambrian
Dairy Pump &
Well Co.
3 Do do do 160 864 124 do do do
N2E-1 | VanDer Horst Brewing Co. - Be fore | 120 300 10 - do do
1896
|
2 | Do - do | 120 300 10 3 do do
N3E-1 |Brehm Brewery Harper do 140 | 1500 8 = do do
2 Do - do 140 | 1300 o - do do
3 Do - S 140 130 - - do do
N1E-1 |City of Baltimore Riley 1944 [226.12| 185 3 o - -
Engr. &
Drilling
Co.
2 Do do do 271.06| 230.5 3 - © -
3 Do do do 226.05| 184.5 3 3] - H
4 Do do do  [227.05| 185 3 o © -
3N2E-1 Do do do 178.60| 135 3 ) © N
3N3E-1 |C. E. Weaver Hoahall 1907 | 200 203 6 = Hard rock Pre-Cambrian
2 |H. A. Weaver do do 200 112 6 S do do
3N4E-1 [C. A. Morningatar do 1911 | 220 159 6 - do do
4N1E-1 | Mr. McCabe 0’ Donovan | 1898 | 350 300 ° - do do
2 Do do do 350 500 - - do do
3 Do do do 350 300 - - do do
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Continued

Water level E Dep th Yield ‘E [
(feet below land surface) E | of & : 2
'S | pump gx| 8¢

T | below o b | E Remarks
% land | Gallons cdalwl|t
P\iu:p- Static Date ‘a |surface a Date E 3 : s
g E (feet) | minute & 14 j.

- - - - - - - - - | - | Exact location unknown.

- - - N - 10 1918 - N | - |Well covered; exact location
unknown.

- - - N - 15 do - N| - Do.

- - - N - 200 do - N| - Do.

- - - N - 31 1896 - N ] - | Exact location unknown.

- - - N - 25 do - N[ - Do.

= = 2 N = 15 do - N | - | well covered.

- - - N - 0 1918 = N | - | Exact location unknown.

- - - - - 40 do - N| - Do.

- - - N - - - - N | - | Well partly filled.

© 20.18 | June 12, 1944 [ N ° - - - N| -

- 1.5 | June 18, 1943 | - - - - - I| - |Dug well; dug reaervoir 200
by 200 by 6 feet. See
table of analysea.

- - - - - - - - - | - | Exact location unknown.

2331 - 1940 N = 165 1940 ° N| - |Owner'a well 1; well filled
with debria to within 29
feet of aurface. See table
of well logs.

2310 - do N - 165 do - N| - |Owner'a well 2; well covered;
exact location unknown.

See table of well loga.

- - - N - 120 1896 ° N | - | See table of analysea. Exact
location unknown. Hard rock
at 36 feet.

- - - N - 120 do - N1 - | Exact location unknown. Hard
rock at 36 feet.

- - - N - 13 do - N| - | Exact location unknown.
Plugged to 800 feet.

- - . N - 0 do - N - | Exact location unknown. See
table of well loga.

- - - N - 0 - - N{| - | Exact location unknown.

- 9.6 | February 1945 | N - - - - N| - | Teat well. See table of well
loga.

- 10.2 do N - - - - N| - Do.

= 1.2 do N - - - - N[ - Do.

e 17.2 do N - - - - N| - Do.

= 3.5 do N - - - - N| - Do.

- - - - - 2 1918 - - | - Exact location unknown. See
table of well logs.

- - - - 1 do - -1 - Do.

© 262 1918 o - 1 do - - - Do.

- a30 do - - - - - N} - | Exact location unknown.

- 230 - - - - - - N[ - Do.

- %30 - - - - - - N| - Do.
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TABLE 15—
5 = Depth Principal water-bearing
chn i of formation
. Date | & é) Depth c 2 | screen
Location Owner or name Driller com= g (feet) ] S| below
BLBes pleted | % 5 ?E land Character .
E 3 2 surface of Geologic
£ S (feet) material age
4N3E-1 | A, Bridenstein Baltimore | 1904 | 250 38 3 - Sand and Patuxent
Arteaian gravel
Well Co.

2 | Mr. Harper do do 280 132 3 - Sand and/or do

gravel

- Evergreen Lawn Improvement | Harper - 150 654 - - Hard rock Pre-Cambrian

Aaaoc.

- Do do 1906 | 180 475 [3 - do do

- Do do do 180 240 6 - do do
4N4E-1 |E. H. Glenn Hoshall | 1919 | 250 93 6 - do do

2 |R. B. Mason Baltimore | 1895 | 320 108 3 - do Patuxent

Artesian
Well Co. |

3 | Mr. Miller Hoahall - 270 o 6 - do Pre-Cambrian
4NSE-- |Communit.y Ice Co. - - - - - - - -
SN1E-1 |A. Clemons O’ Donovan | 1894 | 400 180 6 - Hard rock Pre-Cambrian
SNSE-- | J. E. Curtis - - - - - o ® S

- | Green Hoahall 1920 - 110 6 - Hard rock Pre-Cambrian

= |Mra. Keinginham do 1922 ° 152 6 - do do
6N1E-1 |[St. Vincent's Orphanage do 1919 | 405 144 6 = do do
INIW-1 | stafford Hotel Ruat 1905 [ 100 | 315 8 - do do

2 | Western Maryland Dairy Roulon & - 150 600 - - do do

Co.

3 !St.afford Hotel - - 100 | 115 ° s do do

NIW-1 | Weatern Maryland Deiry Roulon & | 1915 | 190 360 ° o do do
Co.

2 Do do do | 190 | 400 - - do do

2N3W-1 | City of Baltimore Riley 1944 (333.05( 269 3 °© = o
Engr. &
Drilling
Co.

2 Do do do (355.5| 270.5 3 o = o
pALLED Do do do 411 313 3 N - -
NIW-1 | L. T. Appold - - 240 125 6 - Hlard rock Pre-Cambrian

2 | Edw. L. Bartlett - - 270 300 6 - do do

3 | N. Bartlett O’Donovan| 1895 | 220 300 6 - do do

4 s

4 | Wm. T. H. Garrett do 1895-6 | 368 | 342 6 S do do

5 | John Mathews do 1896 o 205 6 © do do

6 | City of Baltimore Riley 1944 [250.6 | 207.5 3 ° o =

Engr. &
Drilling|
Co.

7 Do do do  |154.03 110.5 3 o S °

3N2W-1 Frank G. Schenuit Rubber Harr About | 150 65 10 - Hard rock Pre-Cambrian
Co. 1934

2 Do do 1944 | 150 57 6 - do do

3 Do do 1944 | 150 | 225 6 . do do

4 Do do do 150 200 6 - do do
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Continued

Water level E Dep th Yield E :
{(feet below land surface) E of A e : e
‘S | pump Qe 8l e

S| below :\E E IE-, Remark s
pa— ) 2 land | Gallons g el w b
i Static Nate o |surface . Date g o ; %.
E (feet) | minute & a8

- - - - - 10 1918 o - | - | Exact location unknown. See
table of well loga.

- - - - - 0 do - N | - | Exact location unknown.

Hard rock at 132 feet.

- - - - - 250 do - - | - | Exact location unknown.

- - - - - 0 do - -1 - Do.

. . - 5 A 36 . o=l o Do.

b - - - - = - o = o Deo.

@ 450 1918 - - 20 1918 - - | - | Exact location unknown. See
table of well loga.

- a3g - - o % - - -1 - | Exact location unknown.

Hard rock at 14 feet.

- - - - - - - - N| - | Exact location unknown.

- - - - - 20 - - - - Do.

- - - - - - - - -t - Do.

< o o o = 10 o o o 2 Do.

- - - - - 5 - - -1 - Do.

- - - - - 60 - - -1 - Do.

- - - - - 15 - - N| - Exact location unknown. See
table of well loga.

- - - - - 5 - - N| - | Exact location unknown.

- - - - - - - - N| -1 Exact location unknown. See
table of well logs.

= o - o o 180 - = N| - | Exact location unknown.

= o S o o 220 = o N| - Do.

- 26.7 | February 1945 | N - - - - N| -| Teat well. See table of well
logs.

- 19.4 do N - - - - N{ - Do.

- - - N - = - - Nt - Do.

- 21 1918 k ° 9 1918 - -| -| Exact location unknown.

- - o o - ° - - = .= Do.

- 328 1918 - - - - - -| -| Exact location unknown. See

. table of well logs.

- a50 do - - 70 1918 o ol = Do..

- a60 do - ° - = = -l - Do.

o 22.2 | February 1945 N - - - - N[ -| Teat well; plugged with
cement. See table of well
logs.

- 10.3 do N - - - - N| -| Teat well. See table of well
logs.

- - - I - 65 1944 ° I| -| Owner'a well 1.

= 23. 17} Aug. 14, 1944 | N - 15 do - N| -| Owner'a well 2. Hard rock at
30 feet.

- - - A - 90 do - I| 58| Owner’a well 3.

- = - A - 150 do - I| -| Owner’a well 4.




GROUND-WATER RESOURCES OF THE BALTIMORE AREA

Location
number

3N3W-1
3N4W--
3N5¥-1

G N

oo~

4N4W-1

4N5W--

SN2w-1
SN3W--
6N1W--

AA-Ac 1
AA-Ad 1
2

Owner or name

Frank G. Schenuit Rubber
Co.
City of Baltimore

Green Spring Dairy

| E. J. Woods

Suburban Water Co.
City of Baltimore

Baltimore Country Club

FEFP FEE¥

z

United Railwaya Car Barn

C. 0. Lee

Hotel Denmore

Do
E. A. Jackson
Electric Park

Lucaa & Green Co.

Weat Arlington Improvement

Co.

Do

Duncan Black

Howard W. Jackaon

Roland Park Country School
| Michael Jenkins
| Gilman Country School
Dixon

Otto Mattfeldt

Robinaon

Henry Schwartz Estate
| John Mathai

I
| Aane Arundel County
Sanitary Commission

TABLE 15—
)
3 H Depth Principal water-bearing
I} E v of formation
Date | .8 | pepen E @ | screen
Driller com- [ &+ (feet) | ® < | below
pleted | % 5 @ s land Character .
E 3 % | surface of Geologic
L S (feet) material 8¢
Harr 1944 | 150 220 6 - Hard rock Pre-Cambrian
Riley do 134 91 3 - - =
Engr. &
Drilling
Co.
E. A. Cook| 1937 ! 200 326 8 - Hard rock Pre-Cambrian
& Son
o o 370 = - o = -
Riley 1944 | 405 279 3 N - =
Engr. &
Drilling
Co.
Downin o 200 - 6 - Hard rock Pre-Cambrian
do - 200 - [ - do do
do - 200 - 6 - do do
do - 200 - 6 - do do
do o 200 = 6(?) = do do
do = 200 = 6(?) o do do
do - 200 - 6(?) - do do
do - 200 - 6 - do do
do - 200 114 6 - do do
do - - - 24 - do do
- Before | 220 386 6 - do do
1918
do = 280 103 6 - do do
- - 420 140 - - do do
Hoahall 1911 420 106 - - do do
0’ Donovan | 1896 2 150 6 o do do
do 1898 1 420 190 6 = do do
= 1893 | 460 197 - - Hard rock Pre-Cambrian
0’ Donovan do 460 197 - - do do
Hoshall 1929 | 410 102 6 = do do
Downin - 400 300 8 - Hard rock Pre-Cambrian
Downin 1908 | 260 56 6 - Hard rock Pre-Cambri an
0’ Donovan | - 250 158 6 - do do
Shannahan | 1928 - 300 - - do do
Beck 1897 o 200 6 - do do
° 1845(?)| 140 90 - - Sand and/or | Patuxent
gravel
Bunker 1926 30 65 18 o Sand and Patapaco
gravel
Layne- 1941 40 95 18-8 | 65-95 do do
Atlantic
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Continued

Water level
(feet below land surface)

Depth
of
pump
below
land | Gallons
surface a
(feet) | minute

Remarks

Specific capacity
(g.p-m./fr.)

Use of water

Temperature (°F.)

» | Pumping equipment

76

0
—

Owner’a well 5.

z

Test well. See table of
well logs.

Exact location unknown. See
table of well logs.
Exact location unknown.
Do.
Teat well. See table of well

logs.

Well capped.
Do.
Do

Flowing well; filled with
gravel at surface.

- Well capped.
Jan. 25, 1946 ! Water level measured
periodically.
Filled with gravel.
Exact location unknown.

Exact location unknown.
table of well loga.
Exact location unknown.
Do.
Do.
Exact location unknown.
table of well loga.
Exact location unknown.
Exact location unknown.
Ample yield reported.

Exact location unknown.
Do.

1918 Do.
October 1944 D Dug well. PReported to con-
tain aome iron.
See tablea of analyaea and
well loga.
Casing cemented. See tablea
of analyaes and well logs.
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TABLE 15—
el b Depth Principal water-bearing
= E E . of formation
Date | v © € m | screen
Location Owner or name Driller | com- E < (Df?et:; B ‘3 helow
me Az pleted| % o 2"5 land Character .
E & W ~ | surface of Geologic
5 & (feet) material age
AA-Ad 3 |Anne Arundel County - 1927 | 60 62.5| 18 - Sand and/or |Patapsco(?)
Sanitary Cowmmiaaion gravel
4 |Charlea S. Walton & Co. Hoahall 1919 | 45 94 6 - do Patapsco
5 Do do do 45 127 6 - do do
6 Do do do 45 157 6 - do do
1 Do do 1923 | 45 312 6 = do Patuxent
8 |U. S. Army Ordnance Depot - 1918 | 49.1| 390 8 |385-390 [Send and do
gravel
9 Do - do 46.11 149 8 None |Sand Patapsco
10 Do ° do 44.9| 108 8-6 - Sand and/or do
gravel
11 Do - do 39.9] 300% 8 - do Patuxent
12 |D. L. Topping - - 65 500 6 - Hard rock Pre-Cambrian
13 Do - - 65 80 6 - Sand end/or |Patapsco
gravel
14 |City of Baltimore, Bureau Under- - 0 35.5 - - Sand do
of Water Supply ground
Explora-
tion Co.
15 Do do - 0 41 - - do do
16 |U. S. Army Ordnance Depot - - 35.3| 83 8 - do do
17 |East Linthicum Hts. Water - 1909 | 160 90 6 - do do
Supply
18 Do - do {160 | 108 6 5 do do
19 West Linthicum Hts. Water = o 160 - = - = -
Supply
20 |Kavanaugh Producta, Inc. Washingtm| 1944 | 40 392 8 - Sand Patuxent
Pump &
Well Co.
AA-Ae 1 |Armour Fertilizer Works - 1918 | 10 350 8 - Sand and/or do
l gravel
2 |Cooperative Fertilizer Coopera- 1936 | 10 23 48 - do Patapsco
Service, Inc. tive
Ferti-
lizer
Service,
Inc.
3 | Do do do 10 65 48 - do do
4 .U. S. Coaat Guard - 1934 | 22 195 12-8 |185-193 | Sand and do
gravel
5 Do - - 15 189 6 - do do
6 |U. S. Revenue Cutter Station| Downin 1901 | 20 216 6 - Sand and/or do
gravel
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(feet below land surface)

Water level

Pump -
ing

Dep th
of
pump
below
land
surface

(feet)

Gallons
a
minute

Specific capacity
(g.p.m./ft.)

Temperature (°F.)

Remsrks

Aug.

Oct.

November

— | Pumping equipment

24, 1943
do
do

do

26, 1945

Z > > >

36

175

28
32
46
48

100

75

o | Use of water
£
o

2 bt bt bt

See tsble of analyaea.

Do.
Do.
Do.
Do.

Owner's well, Bldg. 72.
Well covered. See tablea
of analyses and well logs.
Owner's well, RBldg. 73.
Well covered. See tables
of well loga and analyaes.
Owner's well, Bldg. 71.
Seetablea of well logs and
analysea.

Owner’a well, Bldg. 74. See
table of well loga.

Well filled with debris.

Do.

Test boring. See table of
well logs.

Do.
Well covered; exact locstion
unknown. Well filled back
to 83 feet depth. See table
of well loga.
See table of analyaea.

Do.
Exact location unknown.

See tablea of well logs and
analyaea.

Yield reported amall. See
table of analyses.
See table of analyaes.

Yield reported small. See
table of analyses.

See tablea of analyaes and
well loga.

Well covered; exsct location
unknown, See table of well
logs.

Well covered; exsct location
unknown.
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TABLE 15—
el H Depth Principal water-bearing
= E ‘é, L of formation
- Date v v « 0| screen
et Owner or name Driller com- E < (l:-?:th) < -‘: below
gunka pleted| % 3 o land Character }
E. 3 e ~ | surface of Geologic
% S ( feet) material 8e
AA-Ae 7 U. S. Coast Guard - - 20 100 - - Send and/or | Patapaco
gravel
8 Solley's Grocery Store - 1893 | S0 43 - - do do
9 Do W 1883 | 50 45 48 - do do
10 U. S. Army Ordnance Depot - 1917 | 16 15 10 - do do
11 Do = 1918 | 16.8 | 75 8-6 - Sand and do
gravel
12 City of Baltimore, Bureau |Under- - 0 38.5 - - ° o
of Water Supply ground
Explora-
tion Co.
13 Do do - 0 39 - a - -
14 Do do - 0 52 - - = -
15 Do do - | 5L.5 - - - -
16 Do do - 0 40 - - - -
17 U. S. Coaat Guard - - 22 192 - - Sand and/or | Patapaco
gravel
18 Do - ° 20 190 - = Gravel do
19 Do = - |20 [194 = - Send and do
gravel
20 Do o = 20 400 - - do Patuxent
AA-Bb 1 District Training School Hagmann | 1927 180 135 ° - Sand and/or do
gravel
2 Do Sydnor 1928 140 222 8-6| 177-197 do do
Pump &
Well Co.
3 Do Virginia 1930 |180 240 10 10 do do
Machinery
& Well Co.,
4 Do Layne- 1932 |110 195 30-24 - do Patuxent
Atlantic
5 Do Washington| 1944 (120 199 12 145-151 | Sand do
Pump & 159-178
Well Co.
6 James Lewald Mitchell 1930 (180 186 6 - Send and/or do
| Bros. gravel
7 Marylaod House of Correctimn|Downin 1907 (225 675 6 o Hard rock Pre-Cambrian
8 Do do do 1225 675 6 - do do
AA-Be 1 Natiooal Plastic Producta |[Shannahan | 1944 |120 190 10-8 | 170-190 | Sand and/or | Patapaco
Co. gravel
2! Do do 1908 (120 165 4 o do do
3 Anne Arundel County Board |Waahington |1932-33/150 105 6 - do do
| of Education Pump &
Well Co.
AA-Bd 1 Arundel Corp. Layne- 1927 (125 65 48-18 - Sand do
Atlantic
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Continued

Water level % Depth Yield § :
(feet below land aurface) g of = 4 : )
‘S| pump ew| gl e
T | below :\E E :’: Remarka
- ©| land | Gallons o

WP iStatic Date ‘2 |aurface a Date ] &

1RE E (feet) | minute :.)_ g E
- - - N [ - - - N | - | well covered; exact location

unknown.

- - - H - - - - D |- | Dug well. See table of
analysea.

- - - H - - - - D |- Do.

a30 213 1918 N - 35 1918 2 N | - | Well covered. Reported to

yield aalty water.

- [815.5 do N - 20 do - N [ - | Well covered. Reported to
yield salty water. See
table of well loga.

- - - N - - - - N | - | Teat boring. See table of
well loga.

- - - N - - - = N |- Do

- - - N - - S = N |- Do.

- = - N = - - - N |- Do.

- - - N - = o = N |- Do.

- 324 - N - - - - N | - | Well covered; exact location
unknown.

- - - N - - - - N | - | Well covered; exact location
unknown. See table of well
logs.

° ° ° N ° = c = N |- Do.

- - - N - = - = N |- Do.

a58 - - N - - - - N | - | Well capped.

- - - I| 160 35 1940 - P | - | Well partly filled with
aand; yield reduced.

260 24 1943 1 - 43 ~ 1944 1.2 | P | - | Pump capacity 50 gal. a min.
- 20 1932 I 40 100 - - P | - | Pump capacity 100 gal. a min.
- 13.07 |Sept. 29, 1944 | I 132 69 1944 - P - See table of well loga.

- a36 = R = 10 = = D |-

- 360 - N - 52 - - N | - | Well covered. See table of
analyses.

- %60 - N - 52 - - N | - | Well covered.

77 43 1944 I| 10 250 1944 7.4 | I | - | See table of analysea.

- - - 1 - 80 do - I |- | Well yielda conaiderable
aand.

- = - R = 15 ° - P | - | Pump capacity 15 gal. a min.

- = - N - 178 1927 3.7 | N | - | Duganddrilled well; flowed
when firstdrilled. Well
plugged. See table of well logs.
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TABLE 15—
ﬁ § Dep th Principal water-bearing
oA S = of formation
! Date | & E Depth c o | screen
Location Owher or name Driller com- | 2% (feet) T % | helow
number pleted| % 3 0.2 | land Character .
23 % | surface of Geologic
E S (feet) material 8¢
AA-Be 1 Walter F. Gardner Bunker 1941 25 70t 3 - Sand and/or | Patapsco
gravel
2 |Hillman's Store o 1900 | 120 22 48 - do Magothy
3 | Anne Arundel County Board {Washington| 1932 [ 115 385 | 4 - do Patapaco
of Education Pump &
Well Co.
4 |N. H. Mathews Novak 1944 50 125 £ | None |Sand do
5 Do do do 50 120 4 do Sand end/or do
gravel
6 |Anne Arundel County Board do do 40 134 6 |129-134 | Sand do
of Education
7 {Mr. Williams Eiler 1945 20 99 2 None do Patapaco(?)
AA-Bf 1 | Fort Smallwood - - - - - - Sand and/or |Patapaco
gravel
2 Do - - - 360 - - Sand do
3 Do - - - 21.8 48 - Sand and/or |Raritan
gravel
4 |Rogera Townaend Boat Co. - 1936 1 140 2 None do Patapaco
AA-Cc 1 [U. S. Naval Academy Dairy Layne- 1941 | 180 408 10 - do do
Atlantic
2 Do Shannahan | 1934 | 180 380 - - do do
3 Do do do 180 241 o - do do
4 Do - - 180 60 - - do Raritan
5 |Anne Arundel County Board |Washington|1932-33] 160 210 6 - do Patapaco
of Education Pump &
Well Co.
Bal-Dd A. C. Cullen Harper 1923 6 83 o - o 2
Bal-Df 1 |James Bolwicki Lancaater | 1931 - 80 |5-5/8 - Gabbro Pre-Cambrian
Bal-Dg 1 |(Wslter Chspman do 1932 - 57 |[5-3/8 - Gneiss do
Bal-Ez 1 |City of Baltimore Riley 1944 | 505 202 3 None Hard rock -
Engr. &
Drilling
Co.
2 Do do do 569 270 3 do do -
3 Do do do 408 114 3 do do -
4 Do do do 438 148 3 do do -
5 Do do do 479 192 3 do do -
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Continued

Water level % Depth Yield ‘:; [
(feet below land surface) 5_ of i: . <
2| pump gl 8|8
¢ | below il S| Remarks
o % | land | Gallons FeJr) U

li":p- Static Date ‘A, [surface s Date g :9 : é.

g E (feet) | minute & g =

- 240 1941 I ° 8 1941 - D - | Water reported of good
quality.

- - - R - - - - D - | Dug well. Wster reported of
good quslity.

- - o R - 15 - - P - | See tsble of snslyses.

o 28.06 | Sept. 25, 1944/ - = 15 1944 - D - | See table of well logs.

= a25 1944 1 40 10 do - D -

- 39.08 do H - 10 do - P - | See tsble of well logs.

220 %14 1945 o o S 1945 0.8 [D - Do.

- - - R - - - - P | 57 | Owner's well, East well.

See tsble of anslyses.

- - - I - - - - P {60 | Owner's well, West well.

. See tablea of anslyaes snd
well logs.

S 14.1 |Jsn. 27, 1944 | H o = = o N - | Dug well.

- Flows 1943 N - - - - D |58 | Yield smsll. See tsble of
snslyses.

- - s | 164 260 1941 - |1 | -|Well filled back to 245 feet.

- - - A - 10 - - N -

5 o o Al - 10 o - I~ -

o = - H - - - - D - | Dug well; cssed with bricks.

- - = R - 15 - - P -

- - - - - 30 - - - - | Exsct locstion unknown.

- - - - = 4 = - - - Do.

- - - - - 5 - - - - Do.

- - - N - - - - N - | Test well, 7.2 mi. northwest
of well Bal-Eb3. Not shown
on Plate 1. See table of
well logs.

- - - N - - - - N - | Test well, 6.7 mi. northwest
of well Bal-Eb3. Not shown
on Plste 1. See tsble of
well logs.

- - - N - - - - N - | Teat well, 6.1 mi. northwest
of well Bal-Eb3. Not ahown
on Plate 1. See table of
well logs.

- - - N - - - - N - | Test well, 5.7 mi. northwest
of well Bal-Eb3. Not shown
on Plste 1. See tsble of
well logs.

- - - N - - - - N - | Test well, 5.2 mi. northwest
of well Bal-Eb3. Not shown
on Plate 1. See table of
well logs.
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TABLE 15— |
é & Depth Principal water-bearing
= '—i © of formation
: Date | 8 & th 5 2 | screen
Location Owner or name Driller com- E 1 (r;?et) 5 S| helow
e pleted| ‘% % ?E land Character Geologi
E 3 ik surface of S WELC
= 8 (feet) material age
Bal-Eb 1 | City of Baltimore Riley Engr. 1944 510 | 225 3 None Schiat ) -
&Drilling
Co.
2 Do do do 620 | 342 3 do ‘Hard rock -
3 Do do do 412 | 210 3 do do -
4 Do do do 418 | 309 3 do do -
5 Do do do 545 | 285 3 do do -
6 Do do do | 533 | 250 3| do & -
7 Do do do 525 | 280 3 do do -
Bal-Ec 1 Do do do | 3355 | 185 3 do do -
2 Do do do 373 | 223 3 do do =
- | Kernan Hoapital - - - - - o o o
Bal-Ed 1  D. M. J. Cromwell 0’ Donovan 1899 20 206 6 - Gneiaa Pre-Cambrian
2 | Blake do 1897 | 100 2 o °© - =
- | C. S. Golding Downin - - 100 6 - Hard rock [Pre-Cambrian
- || Stein Hoahsll | 1924 | - | 50 6 - do 0y
- | Ellen K. Jenkins - - - - - - - -
Bal-Ee 1 | W. M. Meiae - |o2on 30 | 12 48 - | Clay .
|
2 | J. C. Hammerbacker Hoahall 1922 | 340 170 6 - Hard rock Pre-Cambrian
3 | Jamea Primua | do 1921 | 340 140 - - do do
4 | Peter Quivalier - 1919 | 200 73 - - Sand and/or |Patuxent(?)
gravel
5 | Harrison Rider Hoahall do 340 205 - - Hard rock Pre-Cambrian
6 | G. A. Fritz do do 200 | 110 = - do do
7 | Dr. Benaon do 1926 | 120 | 104 6 - do do
-~ F. J. Harper do 1920 - 88 6 - do do
-« | W. S. Farmer O’ Donovan | 1897 - 395 6 = - -
- | Mr. Meyer Hoahall 1921 - (175 6 ° - -
- | J. Frank Purzer do - 6 | 154 ° o = °
Bal-Ef 1 | Baltimore Brick Co. - 1900(?); 90 87 6 - Sand and/or | Patuxent
gravel
24 Do - - 90 90 6 - do do
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Water level
(feet below land surface)

Pump -

3 Static Date
ing

Depth
of
pump
below
land
surface

(feet)

Yield

Gsllons
s
minute

Dste

Specific capacity
(g.p.m./ft.)

Temperature (°F.)

Remarks

1944

e 31.30 |Apr. 25, 1944

< | Pumping equipment

< | Use of water

Owner's well, Test well 11,
2 mi. northwest of well
Bal-Eb3. Not shown on
Plste 1. See tsble of well
logs.

Test well, 4.3 mi. northwest
of well Bal-Eb3. Not shown
on Plate 1. See tsble of
well logs.

Test well.
logs.

Test well, 3,1 mi. northwest
of well Bal-Eb3. Not shown
on Plate 1. See table of
well logs.

Test well, 2.6 mi. nortbwest
of well Bal-Eb3. Not shown
on Plate 1. See tsble of
well logs.

Test well, 4.8 mi. northwest
of well Bal-Eb3. Not shown
on Plate 1. See table of
well logs.

Test well, 1.5 mi. northweat
of well Bal-Eb3. Not shown
on Plate 1. See table of
well logs.
Test well.
logs.

See table of well

See table of well

¥

Exsct location unknown.

¥EFEE

Dug well. Wster reported to
be contsminsted by nearby
cesspools.

Exact locstion unknown.

¥

Do.

PEFPEFT

Supplies wster to seversl
homes. See table of
anslyses.

Messured depth 51.5 feet.
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Location

numb

er

N

—_—o v ~

——

13

14
15

16
17

18
19
20
21

22
23

Bal-Eg 1

Bal-Fc

- N e [ 5

3~

Owner or name

B;l-cimore_f-irick _Oo_.
Mr. Kruae

Foreacre
Do

Joa.

Louis Madl

H. T. Campbell, Nottingham
Farm
Huffmaster

H. T. Campbell & Sona
Gravel Quarry
John H. Kopleman

“Water Hole”

John R. Dodaon

IUnited Clay Minea Corp.
H. T. Campbell, Nottinghsm
Farm

do

Mr. Shiebeck

Methodiat Church Paraonage
N. Lay

Chaae Conaolidated School
Do
Do

G. R. Willia

Howard Laundry & Cleanera
Do
Do
Do

R. B. Tippett

United Railwaya

Thayer Stock Farm

John E. Stenner

A. J. Watkins Realty Co.
Hilton Farma Dairy

J. T. McConnell

~

Driller

Harr

do

Harr l
Eiler

do I
Harr

do
Harr

Hoshall

Harr

Eiler
do
Harr

Washington
Pump &
Well Co.

do
do

Shannahan
Bunker

do

do

do

Downin

Hoahall

Hoahall

Hoahal 1

Date
com-
pleted

1944
1943
do
1944

do
1942

1921
1904

1933
1944

1943
1945

1944
1942

1939

1943
1939

1909
1940
do
1937(?)
do

1910
1911

1923

1921

TABLE 15—
:1 & Depth Principal water-bearing
r '.5 i of formation
g é Depth E E acreen
1+ (feet) | = S helow
% T :’: land Character Geologi
g2 G aurface of 2l
<& S (feet) material age
90 - - - - -
125 | 123 6 None |Sand and/or [Patuxent
gravel
125 | 128 6 do do do
130 12 - - do Patapsco
105 91.4 | 48 - do Patuxent
105 115 6 o do do
160 134 2 - do do
55 | 135 2 - Sand do
70 | 199 6 - Hard rock Pre-Cambrian
120 | 128 6 - Sand and/or |Patuxent
gravel
50 | 385 6 - Hard rock Pre-Cambrian
40 | 227 6 - do do
100 52 - - Sand and/or [Patuxent
gravel
130 7.5 ] 36 - - -
100 37 36 - Sand and/or |Patuxent
gravel
110 92 - - do do
110 66 6 - do do
90 | 492 [3 - Hard rock Pre-Cambrian
90 | 400(?7)| - - do do
60 | 105 2 None |Sand Patuxent(?)
85 59 2 do do do
60 | 405 6 - Hard rock Pre-Cambrian
20 65 ¥ - Sand and/or |Patapaco
gravel
30 | 331 6 321-331 do Patuxent
30 | 345 8-6 - do do
30 | 158 6 - Sand Patuxent(?)
- | 180 [3 - - -
150 | 250 - - Hard rock Pre-Cambri an
150 | 200 - - do do
150 5 L - - -
150 | 70% - - Sand and/or {Patuxent(?)
gravel
30 | 137 6 - Gabbro Pre-Cambrian
310 161 6 - do do
420 | 108 6 - do do
o 146 6 - - o
- 115 6 - - -
1
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Continued
Water level E Dep th Yield ‘E (0
(feet below lsnd surface) E of S : 2
B Lo N R E-
¢ | below Sl 5 E Remsrka
i @/ land | Gallons a2 Al e ||y
l:':l;' Static Date ‘a |surface a Dste G é.
B (i~ v
E (feet) | minute & L
- - - N - - - - N | - [Well covered; exsct location
unknown.
5 5 3 . . 10 1944 - |lpo] -
= %106 1944 H | 12 15 do - D] -
- - = H - 0 do - D | - |Well reported “dry” in
1943-44.
o 90.8 1944 R 91 0 do - D | - |Well cased with brick.
- 80 |Aug. 31, 1944 n = = - - D -
- A - H o - N - N | -
- 230 - H - - - - D} - [See table of well logs.
- - = = o 1 1944 - D} - Do.
= 299NS! 1944 H - - - - D| -
- o 5 R o o N - I -
- - - - - 15 - - - | - |Exact locstion unknown.
- - - R - 0 - - D | - |Well reported “dry” in
1943-44.
- 18 1944 N - - ! S Y
- 36.46/Nov. 18, 1944 | N - - - - N | - |Dug well, cssed with bricks.
- agl 1944 H - - 1944 - D | - {Dug and drilled well. Ample
water supply for household
use.
- 60.05{Nov. 18, 1944 | H 62.5 - - - N | - |Well reported “dry” in 1943.
- 37. 18| Nov. 1, 1944 - - 24 1944 - D | - |See tsble of well logs.
- - - - - 4 do - D| -
- - - - - = - - D | - [See table of well logs.
- o S - - - S o D} - Do.
- 47.85) Sept. 4, 1944 | - - 2 1944 - D | - |Hard rock st 204 feet.
- s 5 R - - - A D| -
- - - R | 150 - - - P | - |See tsble of snslyses.
- - - R - 30 1943 - Pl - Do.
- - - N - 3.5 1939 - N | - |See tablea of analyses and
well logs.
- ag - - - 40 - - - | - }|Exact location unknown.
- 24 1943 I - 75 1943 - I | - [See table of snalyses.
- - - I - 50 do - I -
N - - N = - - - N| -
- - - N - - - - N | - |Well has not been used.
- a18 - - - 8 - - - | - |Exact location unknown.
- - - - - 20 - - -1 - Do.
- 30 o = - 80 - - - - Do.
- - - - - - - = -1 - Do.
- . - 5 - 22.5 - SR Do.
5 = 5 5 . = 5 = <> Do.
5 2 5 . 5 15 a s || = - Do.
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Location Owner or name
number
Bal-Fc Geo. J. Schmidt
Bal-Fe 1 Eastern Stainleaa Steel
Corp.
2 Do
3 Do
4 Do
|
5 Do
6 Do
7 Do
8 Do
9 Do
10 Do
11 Do
12 Do
13 Do
14 Do
15 Do
16 Baltimore Pure Rye Co.
17 Do
18 |U. S. Army Air Force Depot
19 IPaul Jones & Co., Inc.
{
20 City of Baltimore, Bureau
of Water Supply
21 Do
22 Chesterwood Free Excuraion
! Soc.
23 Do
24 Do

TABLE 15—
5 ] Dep th Principal water-bearing
) E 5 = of formation
Date | 8 & Depth E 2 | screen
Driller com- | &% © 5 | helow
E (feet) g
pleted| % © ?: land Character Geologi
E 5 i surface of LGRS
& 8 | (feet) | material £
- 1926 130 - Sand and/or |[Patuxent
gravel
Moser 1928 - | s - | 146-175 | Sand do
Shannahan | 1943 - - - - Sand and/or do
gravel
do do - - - - do do
do - - - - - do do
do - - - - - do do
- - - 193 - - do de
- 1928 - | 229 . - do do
- - - | 200 - - do do
o | 1923 - | 194 - |170-190 do do
Shannshan | do - 173 16-12|141- 169 do do
de | 1922 - 167 - 149-163 de do
do do - 180 - 163-175 do de
do - - 182 - 172-182 |Sand and do
gravel
do 1922 = 182 12 |167-179 |[Sand and/or de
gravel
do 1934 50 | 379 8 - Sand and do
gravel
do do S50 |- 374 10 - Sand and/or do
gravel
- - 18 | 156 8 - do do
Harr 1936 30 | 402 8 - do do
- - 20 | 238 10-8 - de de
= - 20 | 238 10-8 - do do
= 1920 S 41 3 - do Pleiatocene
o 1880% 10 14 60 - do do
Shannahan | 1503 s | 172.5 44 - do Patapaco
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Water level

(feet below land surface)
T el Date

ing

- T71.36|0ct. 23, 1945
117.40] - do
126 = Oct. 23, 1945
201 - do
P197 @83 1928

- 278 1922

- 147 Msy 4, 1943

- 113 1943

. 40 -

S 85.93| Feb. 22, 1945

- a9 1944

- | 32.78{ spr. 7, 1944

!
I

= ' | Pumping equipment

[

[

z 2

~ -
- Yield i~ |§

pump RIARAN

below : . § 2 Remsrks

land | Gallons Sdlw| &
surface a Date am° a

. © ©

(feet) | minute & ) !E

- - - - - | - |Exact location unknown.

- 100 1943 - - |Owner'a well 7. See table
of analysea.

- 150 - - 1 {56 |Owner'a well 11. See tables
of analyaes and well loga.

- - - - 1 - |Owner's well 12, gravel-
walled. See table of
analyaes.

- - - - I [ - |Owner's well 13, gravel-
walled. See table of
analyses.

= = - = I - |Owner’'a well 14, gravel-
walled.

- - - - I | - [Owner’a well 15, gravel-
walled.

- - - - N | - |Owner’'s well 9, plugged and
abandoned.

214 200 1928 1.8 [ N | - |Owner’s well 8, plugged and
abandoned.

° - - - N | - |Owmer's well 10, plugged and
abandoned.

- - - - N | - [Owner's well 6, plugged and
abandoned.

- - - - N | - [Owner’'a well 5, plugged and
sbandoned. See table of
anal yses.

- - - - N | - |Owner’a well 4, plugged and
abandoned.

- - - - N | - |Owner’'a well 3, plugged and
abandoned.

- - - - N | - {Owner'a well 1, plugged and
abandoned. See tsble of
well logs.

= ° ° - N | - |Owner’s well 2, plugged and
abandoned. See table of
analyses.

229 275 1943 - 1| - |See tsble of well loga.
190 312 1941 - I| - |See table of analysea.

- 104 - - M| - Do.

- 250 1936 - N | - [Hard rock at 402 feet. Well
equipped with water-atsge
recorder. See tsble of
analyaes.

- - - - N | - |Well filled with debris.
See table of analyses.

- - - - N|[ - Do.

- - - - P | « |Driven well. See tsble of
analysea.

- o - - P | - |Dug well. See table of
analyaes.

- 50 - - N | - | Water reported high in iron

content. See table of well

logs.
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TABLE 15—
b H Depth Principal water-bearing
r '.E ‘E | of formation
. Date [ 3] @ 2| screen
Location QOwner or name Driller com- E: (ri'eepetth) < ‘: helow
e pleted| X 2 :o g land Character logi
E 3 E = | surface of Cologic
2 o (feet) material ege
Bal-Fe 25 Merritt - - 35 - - - Sand and/or |Patuxent
gravel
26 (Formerly) St. Helena - - 15 8 - - do Pleiatocene
Public Water Supply
24l Do - = 15 10 - = do do
28 - - - 10 - - - do Patapaco(?)
29 U. S. Army Air Force Depot - - 18 [230 8-3 - do Patuxent
30 Baltimore County Board of |Hoshall 1920 60 {234 - - Hard rock Pre-Cambrian
Education
31 Qwnera’ Reslty Co. do 1910 | 125 85 6 - Sand and/or |Patuxent(?)
gravel(?)
32 Do do do 125 15 6 - do do
33 Do do do 125 90 6 - do do
34 Do do do 125 150 6 - do do
35 Do o = 125 | 140 - - do do
36 Back River 0’ Donovan | 1896 40 | 209 - - Sand and/or |Patuxent
gravel
37 Do do do 40 60 - - do do
38 H. A. Brehm Downin [ 1907 40 136 4 - do do
39 Consclidated Gas, Electric !Shannshan | 1910 5 {200 - - do Pstapsco
Light & Power Co.
Bal-Ff 1 City of Baltimore {Hoahall 1909 20 156 6 - do Patuxent
Sewage Dispoaal Plant |
2 Richard Scott - - 20 14 48 - Sand Pleiatocene
3 Diehl I - 1900(?)] 25 65 8 - Sand and/or |Patapaco
[ gravel
4 Do - 1875(7)| 25 25 - - do Pleiatocene
5 Geo. G. Stratman {Hoahal l 1932 25 28 - - do do
6 Do - - 25 | 180 6 - do Patapaco
7 o Eiler 1943 10 16 2 - Sand do
8 - do do 20 57 2 - do do
9 Thomas do do 10 90 2 - do do
10 Joe Mariettes Farm do do 20 51 2 - do do
11 - do do 20 68 2 - do do
12 H. B. Stengel - - 20 | 100(?) - - Sand and/or do
| ; gravel
13 Hollywood Park lnn Newkirk 1911 6 |133 = o Sand Patuxent
14 - - - 85 10 36 - Sand and/or |Patapaco
gravel
15 Thomas Harr 1944 8 |216 6 | 213-216 | Sand Patuxent
16 Mrs. Patteraon Eiler do 10 | 140 2 None do Patapaco
17 R. Niller do do 10 | 200 2 do Sand and Patuxent
gravel
18 Dr. Helldorfer do 1943 10 | 176 2 do do do
19 Evergreen Park do 1944 10 40 2 do Sand Patapaco
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Water level

{(feet below land surface)

Pump -
ing

Dep th
of
pump
below
land
surface
(feet)

Gallons
a
minute

(g-p.m./fr.)

Specific capacity

Use of water

Temperature (°F.)

. 44 Mar.

Jan.

1, 1945

1943

1944

15, 1944

2 | Pumping equipment

4

Uaed for diapoaal of houae-
hold aewage.
Dug well; exact location
unknown. See table of
analyaea.

Do.

Do.
Well abandoned; exact loca-
tion unknown. See table of
analysea.
Exact location unknown.

Do.

Do.

Do.

Do.
Exact location unknown. See
table of well loga.

Exact location unknown.

Water reported high in iron
content.

Dug well. See tablea of
well logs and analyaea.
Dug and drilled well. Yield
reported adequate for
domeatic use.

Dug well. Yield reported
adequate for domestic use.

Water reported high in iron
content.
See table of well logs.

Well filled and covered.
See table of well logs.
Dug well. Yield ample for
houaehold uae.
See table of well loga.
Do.
Do.

Do.
Do.
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TABLE 15—
=== i . :
kel 5 Depth Principal water-bearing
| = 'E ‘é - of formation
. Date L @ s 2 | screen
Location Owner or name Driller | com- E - (ij:r;_h) | % below
Qe pleted| % o & s land Character .
ae e ~ | surface of Geologic
E é (feet) msterial age
Bal-Ff 20 Mrs. Meyers Eiler 1944 | 10 224 2 None | Sand Patuxent
21 Mr. Yeatman do do 10 90 2 do Sand and Pleistocene(?)
gravel
22 Roy Zang do do 10 67 2 do Sand Patapsco
23 Mr. Smith do do 10-20| 73 2 do do do
24 Battle Park Shsnnshan‘ 1924 |10 232 6 - do Patuxent
25 = Eiler 1943 |10 102 2 None do Patapsco
2 Baltimore Holding Co. Dietz(?) [1926(?)] 15 215 6 205-215| Sand and/or |Patuxent
gravel
27 Do do |l927(?) 10 215 6 205-215 do do
28 I. J. Bolton Co. - l 1939 |10 91 6 80-90 | Gravel Patapaco(?)
29 Do - l 1937 10 90 6 80-90 do Patapaco
30 | Essex School - 1916 15 - - - - -
31 Do - 1922 15 135 - - Sand and/or |Patapsco(?)
gravel
32 Do - - 15 - - - - -
33 W. H. Eiler Eiler 1943 |20 100 - - Sand Patapsco
34 Back River Neck School - do 20 365 8-6 - Sand and Patuxent
gravel
= T. D. Elton Van Hoy 1942 - 144 6 - © o
- |J. F. Eyring - | 1941 | - 175 - - - -
o Glenn L. Martin Washingunl - - 155 4 - Sand Patuxent
Pump &
Well Co.
Bal-Fg 1 Frank Asher Asher - 10 30 4 - Sand and/or [Pleistocene
gravel
2 o Eiler 1943 | 10 106 2 - Sand Patuxent
3 = do do 20 105 2 = do Patapaco
4 |Bowley’s Bar Store | Leather- o 10 160 6-4 S do do
| bury
5 Edw. H. Dorl - - 10 90 8 - do do
6 Do - 1931 | 10 70 8(?) o do do
7 Mr. Grebe Eiler 1944 | 10 150 2 None do do
8 J. Marka Harr do 10 260 6 do Sand and/or do
gravel
9 Mr. Baumohl Eiler do 10 160 2 do Sand do
10 G. Ebert - - 10 67 - - Sand and/or do
gravel
11 Mr. Hoag Eiler 1944 | 10 S3 2 None Sand do
12 C. Rauacher do 1945 | 10 281 3-2 do do do
13 | Bauernschmidts Manor do do 15 117 2 do do do
14 |Mr. Ksufman do do 10 57 2 do Sand and/er |Pstapsco(?)
gravel
15 Frederick H. Habicht do do 10 274 3-2 do Sand Patapsco
Bal-Gc 1 |Calvert Distilling Co. Ranney 1942 |20 33 - - do Pleistocene
Water
Well Co.
2 U. S. Concrete Pipe Co. Harr 1943 | 40 144 6 - Hard rock Pre-Cambrian
3 Monumental Diatillers, Inc. - Before (100 59 [ - Sand and/or |Patuxent
| 1936 gravel




Continued

RECORDS OF WEILLS

277

Water level
(feet below land surface)

Pump-

. Static Date
ing

Pumping equipment

Depth
of
pump
below
land
surface
(feet)

Yield

Gallons
a
minute

Date

(g-p.-m./ft.)

Specific capacity

Temperature (°F.)

Remarks

- 018
- a0

1943
1945
Apr. 23, 1945

- 12. 87 May 2, 1945

= 42. 26| 1946

o al2

o 8]0 o

= @23 1945
as5.5 do

6 il do
Oct. 6, 1943

o agQ o

175

170

63
31

90

60

S0

50

= 1 wno

1, 000

1927
1945

1939

1945

1945

1943

0.5

1.4

1.4

o o Use of water

“Z oo

P

T O Z

o

coCcoo ‘

= (=

See table of well loga.
Do.

Do.

Do.
Exact location unknown.
table of well loga.
See table of well loga.
Owner’a well 1.

See

Owner’a well 2. Pump
capacity 8 gal. a min.
Owner’s well 2. See table
of well logs.
Owner's well 1.
Well covered.

Do.

Do.
See table of well loga.
See tables of analyaea and
well loga.
Exact location unknown.
Do.
Exact locstion unknown.
table of well loga.

See table of well loga.
Do.

Water reported high in 1

content.

Exact location unknown.

Ample yield reported.

Exact location unknown.

See table of well loga.
Do.

Do.

Exact location unknown

See table of well logs.
Do.
Do.

Do.
Collector-type well. See
table of analyses.

See table of analyses.
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TABLE 15
5 H Depth Principal water-bearing
i ° of formation
| e | 3 & | ot | £3 | 2eree
Location Owner or name Driller com- g (feet) T 5 | helow
number pleted| % 5 :’E land Character Geologi
s i) surface of ologrc
E & (feet) material sge
Bal-Gc 4 |Monuments] Distillers, Inc. - Before | 100 | 85+ 8 - Sand and/or |Pstuxent
1936 gravel
5 Do Harr 1939 100 | 85 6 - do do
6 Do do do 100 | 75% - - do do
7 Do do do 100 | 75¢% - - do do
8 Do do do 100 | 75% - - do do
9 Do do do 100 - - - - -
10 Do - Before! 100 | 60(?) 6 - Sand and/or |Pstuxent
1936 grsvel
11 St. Gsbriels Home Hoshall 1927 260 |260 - - Hsrd rock Pre-Cembrisn
12 All Ssints Convent = - 320 |120 - - do do
13 Do o o 320 | 30 o ° o o
14 |Calvert Distilling Co. - - 20 | 35 6 - o o
15 Do Wsshington - 20 {103 6 ° Sand snd Patuxent
Pump & gravel
Well Co.
16 Do do o 20 |107 6 - do do
17 Do do - 20 (103 6 ° do do
|
18 Do do - 2 (125 6 - do do
19 Do do - 20 | 45 10 - Ssnd and/or |Pleistocene(
I gravel
20 Do do - 60 1104 10 - do Patuxent
21 Monumental Diatillers, Inc. |Harr Before E 90 | 80 8 - do do
1936
Bal-Ge 1 Consolidated Gas, Electric | Shannshan | 1918 10 |600 8 - do do
Light & Power Co.
2 Do do do 10 |600 8 o do do
3 Bsltimore Transit Co. - - 10 | 14 48 © do Pleistocene
4 *Mumal Chemicsl Co. - - 10 |180 8 - do Patapsco
5 Crown Cork & Seal Co. Shannshan - 12 |150 8 - do do
6 Consolidated Gas, Electric do 1903 10 (226 8 - Sand do
Light & Power Co.
7 |United R. R. & Electric Co. |Downin do 10 |287 [ - do Pstuxent
8 Fort Carroll - 1900 5 1168 6 - Sand and Pstspsco
gravel
9 Do o © 6 1247 6 © Sand do
10 |Western Electric Co. - = 20 {100 o - do do
Bal-Gf 1 Bethlehem Steel Co. Shannshan | 1916 10 260 12-6 [233-257 do do
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fontinued

Water level E Dep th Yield E o

(feet below land surface) £ of 5 : ol

Lt 3 | pump gLl g
¢ | below = dl=3 & Remarka

| &y land | Gallons S5 ool

::2- Static Date ‘5 |surface a Date ' 3 : é.

g é (feet) | minute :‘) a8

- - - N R - q o N -

= < = I 55 25 1944 = I -

- o = N o 0 - - N | - [Not cased.

- - - N - 0 - - N | - Do.

- - - N - 110 1939 ° N |- Do.

o - = N - 20 do - N - Do.

= 46.0 |Aug. 1, 1944 N - - - - N -

2 @ = o o 7 o - - - |Exact location unknown.

- - - ° - 12 - - - |- Do.

- - - - - 12 o - -] - Do.

- - - I - - - - N - |Owner'a well 1; original
depth not known.

o o = I o 55 - - N | - [Owner’'s well 2. See tablea
of enalyaes and well logs.

- - o N - 55 - - N | = |Omer’'s well 3. See table
of well logs.

- - - 1 - 55 - - N [ = |Owner's well 4; measured
depth 35.3 feet. See table
of well logs.

- 7.79|Nov. 18, 1944 | N - 55 - - N | - {Owner’'s well 5; meaaured
depth 27.1 feet. See table
of well logs.

- a]l - N - 450 - 23 N | - [Well plugged.

° 42.13|Mar. 1, 1945 N = 100 = - N | - |Ower'a well Warehouse;
equipped with water-atage
recorder. See table of
anal yaea.

- - - N - 20 - - N | - |Well abandoned and covered.

° ag? 1938 N - 40 - - N | - [Well caved.

© g1 1940 I 140 40 1941 3.5 | I | «~ |See table of analyaea.

= 11.5 1943 o o o - - I | - {Dug well. Yield reported
amall.

- - - N - - - - N | - |Well plugged with cement.

- - - N - 100 - - N | - |Well covered; exact location
unknown.

- - - N - 110 - - N | - |Well covered; exact location
unknown. See table of well
logs.

- - - N - 50 - - N[ - Do.

- %20 Before 1896 N - - - - N | » |Ample yield reported. See
table of well logs.

- - - N - - - - N | - [Water reported 6 feet above
land surface in 1862. See
table of well logs.

o - - 1 o o o - 1] -

= 33.34|Jan. 18, 1946 | A 222 86 1943 = N | - [Owner’'a well Wire Mill 3;
equipped with water-atage
recorder. See table of
anal yaea.
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Location Owner or name
number
Bal-Gf 2 |Bethlehem Steel Co.
3 Do
4 Do
S Do
6 Do
4/ Do
8 Do
9 Do
10 Do
11 Do
12 Do
13 Do
14 Do
15 Do
16 Do
17 Do
18 Do
19 Do

TABLE 15
.‘1 - H Depth Principal water-bearing
i) A o _ of formation
Date | 8 @ Depth E 2 | screen
Driller com- | 27 I (feet) | T 5 | below
pleted| % % EE land Character Geologi
23 e surface of S
; 8 {feet) material age
Shannahan | 1925 10 248 ° E Sand Patapaco
do 1926 10 622 | 12-4%}597-622 do Patuxent
do 1925 10 440 | 12-6 |420-440 do do
do do 10 610 | 12-4%|581-610 |Gravel do
do 1926 | 10 625 | 12-44|602-625 | Sand and/or do
gravel
do 1927 10 612 o o do do
do 1937 10 618 | 12-7 [587-618 do do
do 1938 10 456 | 12-44] 441-454 do do
do 1940 10 711 - - do do
do 1941 10 633 14 - do do
|
do 1926 12 677 16-4%| 659-677 | Sand and do
gravel
do 1916 10 165 6- 44| 125-136 | Sand Patapaco
149- 160
do 1926 10 369 | 12-4%| 309-323 | Sand and/or |Patapaco and
355-369 | gravel Patuxent(?
do 1916 10 226 | 10-4%) 204-210 | Sand Patapsco
217-225
do 1926 10 659 | 16-6 [639-659 |Sand and Patuxent
\ gravel
do 1916 10 331 |[10-8 | 246-331 do Patapaco
do 1926 10 ] 321 |12-6 |302-320 do do
do 1916 10 251 | 10-4%| 241-249 do do
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Water level
(feet below land surface)
P|:|mp- Static Date
ing
2157 |%100 Janusry 1943
91 Oct. 16, 1945
2 93.25 do
24172 (9110 Jsnuary 1943
93.06| Aug. 4, 1943
3 94.99| Jan. 18, 1946
2140 | 292 Jsnusry 1943
17 Oct. 16, 1945
2183 (2110 1939
191 Oct. 16, 1945
4176 | 280 May 10, 1943
186 Oct. 16, 1945
2148 (2110 Jenusry 1943
77.82 Oct. 15, 1945
%142 (%87 | Janusry 1943
49.37| Oct. 15, 1945
- 17 1916
2168 2101 Janusry 1943
77.85 Oct. 15, 1945
a35 | e17 1916
- 46.76 Oct. 15, 1945

Z | Pumping equipment

Depth
of
pump
below
land
Surfﬂce
(feet)

Yield

Gsllons
s
minute

Date

Specific capacity
(g.p-m./ft.)

Use of water

Temperature (°F.)

Remsrks

201

227

223

240

220

243

258

460

95

550

110

620

510

690

410

37§

100

520

195

1943
do

do

do

1943

do

1943

do

1943

1916

1943

1916

1943

'

8.8

12.4

1.2

10.5

7.0

1.1

z

64

63

63

60

63

59

Owner's well Wire Mill 4;
plugged with cement snd
sbandoned in 1937.

Owner’'s well Wire Mill 5.
See tsble of analyses.

Owner’'s well Wire Mill 6.
See table of snslyses.

Owner's well Wire Mill 7.
Well repaired in 1943 by
cementing. See tables of
analyses and well logs.

Owner’'s well Wire Mill 8.
Equipped with water-stage
recorder Oct. 5, 1943 to
Nov. 30, 1944. See tsble
of anslyses.

Owner’s well Wire Mill 9.
Well plugged with clay and
sbandoned in 1937.

Owner's well Wire Mill 10.
See tsble of analyses.
Owner's well Wire Mill 11.
Gravel-walled by two 6-inch
gravel conductora, 420 feet
deep. See table of analyaes.
Owner's well Wire Mill 12.
Well abandoned. See table
of well logs.

Owner’s well Wire Mill 12A.
See tsbles of well logs snd
snalyses.

Owner’s well Tin Mill 1. See
tables of analyses and well
logs.

Owner’s well Tin Mill IT.
Well covered. See table of
well lcgs.

Owner's well Tin Mill 2.
Grsvel-wslled by two 6-inch
gravel conductors, 298 feet
deep. See tableof analyses.
Owner's well Tin Mill 2T.
Well covered. See tsble of
well logs.

Owner's well Tin Mill 3. See
tsblea of well logs snd
analyses.

Owner's well Tin Mill 3T.
Well covered. See table of
well logs.

Owner’'s well Tin Mill 4.
tsble of analyses.

Owner's well Tin Mill 4T.

Well covered.

See
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e —
Location Owner or name
number
Bal-Gf 20 Bethlehem Steel Co.
21 Do
22 Do
23 Do
24 : Do
25 Do
26 Do
27 Do
28 Do
29 Do
30 Do
31 Do
32 Do
33 Do

TABLE 15—
el g 5 Depth Principal water-bearing
i % of formation
¢ g~
Date | 8 & Depth | & @ | screen
Driller com- | g (feet) | © < | below
pleted| % 3 02| land Character Geologi
53 o surface of Ry
je & (feet) material °8e
Shannahan | 1926 10 314 - Sand and Patapaco
gravel
do 1920 10 322 - - do do
do 1926 10 314 - 2 do do
do 1920 10 177 - - do do
do 1929 10 377 16-6 | 313-329 do do
363-373
do do 10 330 |l6-44 [ 305-330 do do
|
do do 10 | 234 ° 3 do do
do 1942 10 581 12 - do Patuxent
do 1935 10 177 16- 11%4] 147-172 do Patapaco
do do 10 233 16- 14| 200-228 do do
do 1937 10 247 12-11%| 215-247 do do
do do 10 336 |12-7 |306-336 do de
do do 10 668 12-7 |526-536 do Patuxent
571-578
638-668
do do 10 330 [12-7 |299-329 do Patapsco
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Water

level

(feet below land surface)

Pump-
ing

Static

Dste

Pumping equipment

Depth
of
pump

Yield

below
land
surface
(feet)

Gallona
a
minute

Date

Specific capacity
(g.p-m./ft.)

Temperature (°F.)

Remarks

%111

%120

%149

%129
118. 4

26.24

P94

57.17

78.11
25.58

54
25.27

B64
25.26

2109
44.67

%86

43.85

|

— ML

Oct. 15, 1945

1938

July 12, 1943

Oct. 15, 1945
- do

January 1943
Oct. 15, 1945

January 1943
Dec. 28, 1945

Janusry 1943
Oct. 15, 1945

do

Oct. 15, 1945

4

>

196

233

235

47

480

425

770

685

620

460

1941

1943

do

1943

do

do

do

7.4

13.7

17.1

14.4

2 | Use of water

2z

—

59

64

Owner’s well Tin Mill 5.
Well plugged in 1939.

Owner’s well Tin Mill ST.
Well filled back in 1945.
See table of analyses.

Owner’s well Tin Mill 6.
Well plugged and abandoned
in 1939.

Owner's well Tin Mill 6T.
Not shown on Plate 4. Exact
locstion unknown. Well
covered.

Owner's well Tin Mill 7.
Gravel-walled by two 6-inch
gravel conductora, 300 feet
deep. Plugged with paraffin
and cement and absndoned.
See table of analyses.

Owner's well Tin Mill 8.
Plugged with cement and
absndoned in 1943. See
table of analyses.

Owner's well Tin Mill 9.
Well plugged and abandoned
in 1939.

Owner's well Tin Mill 10.

Owner's well Sheet Mill 1.
Gravel-walled by two 6-inch
gravel conductors, 128 feet
deep. See table of analyaea.

Owner’s well Sheet Mill 2;
gravel-walled by two 6-inch
grsvel conductors, 194 feet
deep. See table of anal yses.

Owner's well Hot Strip 1;
grsvel-walled by two 6-inch
gravel conductors, 188 and
197 feet deep. See table
of snslyses.

Owner's well Hot Strip 2;
gravel-walled by two 6-inch
gravel conductors, 278 and
294 feet deep. See table
of analyses.

Owner'a well Hot Strip 3.
See table of analyaea.

Owner's well Hot Strip 4;
gravel-walled by two 6-inch
gravel conductors, 286 feet
deep. See tables of well
logs end analyses.
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Location
number

Bal-Gf 34

35

36

37

38

39

40

41

42

43

44

45

46

47

48

49

Owner or name

Bethlehem Steel Co.

TABLE 15-]
é ] H Depth Principal water-bearing
@ v o _ of formation
Date | & .& Depth _; @ | screen
Driller com- g (feet) | © S| helow
{pleted| % 5 ?E land Character Geologi
E.’a » surface of S
ie: 8 (feet) material i
Shannahan | 1937 10 233 |12-114]213-233 |Sand and/or |Patapaco
gravel
do do 10 680 [12-6 |530-590 do Patuxent
566-577
‘ 645-675
do do 10 685 [12-7 |[572-583 |Sand and do
‘ 647-662 | gravel
670-685
do do 10 234 112-114]221-234 | Sand and/or |Patapsco
l gravel
do | do | 10 | 335 [127 |304-335 do do
do - 10 283 o - do do
do | - 10 300 - - do do
do 1898 10 170 - - do do
do 1900 10 131 = - do do
do - 10 75 = - do Pleistocene
do = 10 210 ° = do Patapaco
do 1916 10 286 8-4% | 270-284 | Sand and do
gravel
do 1929 10 209 [12-6 191-209 |Sand and/or do
gravel
do 1919 10 418 [12-4% {398-418 |Sand Patuxent
do do 10 421 [12-4% | 400-421 | Sand and/or do
gravel
do 1927 10 484 - - do do
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Continued

Wster level E Depth Yield ‘-:; :
(feet below land surface) € of % g : 5
| 1Fe g3 8¢
© | below o €| §13 Remarka

5 | lsnd | Gallons & el =t
WP S atic Date ‘a |surface a Date To a
1ng 2 (feet) | minute ;.)‘ :% é

%156 | 996 Jsnusry 1943 I | 195 580 1943 9.6 | I | - |Owmer’s well Hot Strip 5;

25.37|Oct. 12, 1945 gravel-wslled by two 6-inch
gravel conductors, 206 and
207 feet deep. See tsble of
anslyses.

124.72| - do I| 237 690 do - I |63 |Owner’s well Hot Strip 6.
See table of analyaea.

= 85. 25 do 1 233 520 do - 1 - |Owner’s well Hot Strip 7.
See tasbles of well logs
and analyaea. .

9167 (103 January 1943 I [ 206 620 do 9.7 | 1| - |Owner’s well Hot Strip 8;
24. 47| Oct. 15, 1945 gravel-walled by two 6-inch
grsvel conductors, 218 feet
deep. See table of analyses.
P147 19112 do 1| 226 650 do 18.5 | 1 |59 |Owner's well Hot Strip 9;
44. 10 do gravel-wslled by two 6-inch
gravel conductora, 279 and
283 feet deep. See tsble of
analyses.

- - - N - ° o - N | - |Owner’s well Shipysrd Boiler
House 1. Well plugged and
sbsndoned sbout 1936. See
tsble of snalyses.

- - - N - - o - N | - |Owner’s well Shipyard Boiler
House 2. Well plugged snd
abandoned sbout 1936.

- - o N c ° o - N | = [Owner’s well Msrine Power
House 1. Well plugged and
sbandoned.

- - - N - - - - N | - | Owner’s well Msrine Power
House 2. Well plugged and
sbandoned.

- - - N - o - - N | - | Owner’'s well Msrine Power
Houae 3. Well plugged with
clay and sbandoned in 1918.
° - - N - 110 - © N | - | Owner’s well Msrine Power
House 4. Well plugged with
clsy and sbsndoned in 1918.
- 842 Sept. 12, 1916/ N - 225 1916 - N | = |Owner’s well Msrine Power
House 5. Well plugged with
clsy and sbandoned in 1918.
See tsble of well logs.

- 26.82 Oct. 16, 1945 | A | 190 150 1943 - N| - |Owner's well 40-inch Mill 1.
See tsble of snslyses.

- 75.83 do A | 184 48 1940 - N | - |[Owner's well 40-inch Mill 2.
See tables of well logs and
anslyses.

< 76.09 do A 175 115 do - N| - |Owner’s well 40-inch Mill 3.
See table of anslyses.

- 891 1936 N ° 298 1927 - N| - |Owner’'s well 40-inch Mill 4;

grsvel-walled one gr.vel
conductor, 424b¥eet deep.
Well plugged and abandoned
in 1942. See tables of well
logs and snslyses.
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TABLE 15—

Location
number

Owner or name

Driller

Date
com=
pleted

Approximate alti-
tude (feet)

Depth
(feet)

Casing diameter
(inches)

Depth
of
screen
helow
land
surface

(feet)

Principal water-bearing
formation

Character
of

material

Geologic
age

Bal-Gf 50

Bethlehem Steel é;.

Shannahan

[
o

e
L]
)
=

274-285

362- 419

608-648

617-649

111-122

Sand and/or
gravel

do
do

Sand and
gravel

Sand and/or
gravel

do

do

do

Sand and/or
gravel
do

Patapaco

Patuxent
do

do

Pleiatocene

Patapsco

Pleiatocene

Patapsco
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Water level
(feet below land surface)

Pump-

) Static Date
ing

Depth
of
pump
below
land
aurface
(feet)

Yield

Gallona
a
minute

Date

Specific capacity
(g-p.m./ft.)

Temperature (°F.)

Remarka

° 47.23| Jan. 18, 1946

Oct. 16, 1945

%101 January 1943
78.44/0ct. 16, 1945
o 78.86 do

%39 - -

a3¢ o o

a34 s s

a34 5 .

a4 o =

a43 5 o

948 23145/ 1909

245 - -

> [ Pumping equipment

226

165

165

605

42

42

§7

42

42

42

42

28

300

23

310

1943

do

do

do

12,6

Z | Use of water

Owner'a well 40-inch Mill §.
Well equipped with water-
stage recorder aince July
26, 1943. See table of
analysea.

Owner'a well 40-inch Mill 6.
See table of analyaes.

Owner's well 40-inch Mill 7.
See table of anslyses.

Owner’a well 40-inch Mill 8.
See tablea of well logs and
analyaes.

Owner'a well Rail Mill 1.
Well plugged and abandoned
in 1904.

Owner'a well Rail Mill 2.
Well plugged and abandoned
in 1904.

Owner's well Rail Mill 3.
Well plugged and abandoned
in 1904.

Owner's well Rail Mill 4.
Well plugged and abandoned
in 1904.

Owner’a well Rail Mill §.
Well plugged and abandoned
in 1904.

Owner’a well Rail Mill 6.
Well plugged and abandoned
in 1904.

Owner'a well Rail Mill 7.
Well plugged and abandoned
in 1904.

Owner'a well Rail Mill 8.
Well plugged with cement
and abandoned in 1904.

Owner's well Rail Mill 9.
Well plugged with cement
and abandoned in 1904.

Owner's well Rail Mill 10.
Well plugged with cement
and abandoned in 1904.

Owner’a well Rail Mill 11.
Well plugged with cement
and abandoned in 1904.

Owner’a well Rail Mill 12.
Well covered.

Owner'a well Rail Mill 13.
Well plugged with cement
and abandoned in 1904.

Owner's well Rail Mill 14.
Well ‘plugged with clay and
abandoned in 1938.
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TABLE 15—
II3 & Depth Principal water-bearing
= E ° of formation
) Date | 8 & | pepth _E @ | screen
Location Owner or name Driller | com- E" (fepet) T 5 | helow
ey pleted| % & ?E land Character Geologi
E 2 = surface of o B
2 S (feet) material ge
Bal-Gf 68 Bethlehem Steel Co. Shannahan - 10 176 - - Sand and/or Patapaco
gravel
69 Do do - 10 123 - - do Pleiatocene
70 Do do - 10 133 - - do do
71 Do do 1903 10 194 8 - Sand and Patapaco
gravel
72 Do do l 1905 10 301 8 - Sand do
73 Do do 1909 10 206 - - Sand and/or do
gravel
74 Do do - 10 495 - - Sand and Patuxent
gravel
75 Do do 1916 10 210 8-6 [192-210 do Patapaco
76 Do do 1918 10 496 - - Sand and/or |Patuxent
gravel
77 Do do | 1919 10 504 - - do do
18 Do do 1937-38| 10 651 |[16-7 |291-302 [Sand and Patapaco and
624-632 | gravel Patuxent
644-651
79 Do do 1917 15 208 [12-6 |185-209 [Sand and/or |Patapaco
gravel
80 Do do 1918 15 216 |12-6 (191-216 do do
81 Do do 1902 10 428 ° ° do Patuxent
1 l
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Water level
{feet below land surface)

Pump-

5 Static Date
ing

Dep th
of
pump
below
land
aurface
(feet)

Yield

Gallons
a
minute

Date

(g.p.m./ft.)

Specific capacity

Temperature (°F.)

Remarks

940 - -

433 - -

1903

do

Sept. 18, 1909

do

Nov. 5, 1945

Jan. 18, 1946

September 1946

1902

Z | Pumping equipment

231

178

180

198

42

92

234

328

261

235

240

90

106

September 1941

do

3.2

Z | Use of water

62

Owner’'a well Rail Mill 15.
Well plugged with cement
and abandened in 1904.

Owner’a well Rail Mill 16.
Well plugged with cement
and abandoned in 1904.

Owner’a well Reil Mill 17.
Well plugged with cement
and abandoned in 1909.

Owner'a well Rail Mill 18.
Exact location unknown.
Well plugged with cement
and abandoned in 1909.
Not ahown on Plate 4.
table of well loga.

Owner’a well Rail Mill 19.
Exact location unknown.
Well plugged with cement
and abandoned in 1909.
Not ahown on Plate 4.
table of well logs.

Owner's well Rail Mill 20.
Well plugged with clay and
abandoned in 1938.

Owner'a well Rail Mill 21.
Well plugged with clay and
abandoned in 1938. See
table of well logs.

Owner's well Rail Mill 22.
Well plugged with clay and
abandoned in 1938. See
table of well loga.

Owner’s well Rail Mill 23.
Well plugged with clay and
abandoned in 1938.

Owner’s well Rail Mill 24.
Well plugged and abandoned
in 1938.

Owner’a well Rail Mill 25;
gravel-walled by two 6-inch
gravel conductora, 280 feet
deep. See tablea of well
loga and analyaea.

Owner'a well Open Hearth 1.
Well equipped with water-
atage recorder aince July
26, 1943. See table of
analyaea.

Owner’s well Open Hearth 2.
See table of analyaes.

See

See

Owner'a well Old Coke Oven 1.
Well plugged with cement and

abandoned in 1939.
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TABLE 15—
el r Dep th Principal water-bearing
I E ) g of formation
. Date | & & | pepeh § @ | screen
Location Owner or name Driller | com- | 2 | (feet) S 5 | below
L, 2 pleted [ % ¢ ?E land Character Geologi
E 3 i surface of 20 0RLS
& S (feet) material £8¢
Bal-Gf 82 |{Bethlehem Steel Co. Shannahan | 1902 10 213 - - Sand and/or [Patapaco
gravel
83 Do do 1902 10 221 - o do do
84 Do do do 10 424 - - do Patuxent
85 Do do 1910 10 538 - - do do
86 Do do 1911 10 233 = = do Patapsco
87 Do do 1913 10 223 - - do do
88 Do do | Before| 10 o o S o i
1902
89 Do do 1917 10 286 8-4%| 257-278 | Sand and/or |Patapsco
gravel
90 Do do Be fore| 10 - - - - -
1902
91 Do do 1917 10 288 8- 44 259-284 | Sand and/or |Patapaco
gravel
92 Do do Be fore| 10 - - - - -
1902
93 Do do 1923 10 513 10-4%| 498-513 | Sand and/or |Patuxent
gravel
94 Do do Before| 10 - - o o -
1902
95 Do do 1920 10 514 | 12-4%] 502-514 | Sand and/or |Patuxent
gravel
96 Do do Before| 10 - - - - -
1902
97 Do do do 10 - - - - -
98 Do do 1913-18/ 10 281 | 12-4%| 253-274 | Sand and/or |Patapsco
gravel
99 Do do Before| 10 - o - © ©
1902
100 I Do do - 10 284 | 12-44| 253-273 | Sand and/or |Patepaco
gravel
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Water level
(feet below lsnd surface)
e sinae Date
ing
- 220 1902

215 September 1941

292 do

49.20{ Nov. 5, 1945

107.92 Feb. 5, 1944

2135 January 1942

128 1942

54.25 Nov. 5, 1945

Z | Pum,

Depth
of
pump
below
land
surface

(feet)

ping equipment

Yield

Gallons
s
minute

Date

(g.p.m./ft.)

Specific capacity

Temperature (°F.)

Remsrks

260

80

125

110

1942

1940

1940

1940

Z | Use of water

z

Owner’s well Old Coke Oven 2.
Well plugged with cement
and abandoned in 1939.

Owner's well Old Coke Oven 3.
Well plugged with clay and
abandoned in 1939.

Owner's well Old Coke Oven 4.
Well plugged with cement
and abandoned in 1915.

Owner'a well Old Coke Oven 5.
Well plugged and abandoned
in 1939.

Owner’s well Old Coke Oven 6.
Well plugged with clay and
abendoned in 1939.

Owner’a well Old Coke Oven /.
Well covered.

Owner'a well Blaat Furnace
1F. Well plugged with
cement and abandoned in
1902.

Owner's well Blaat Furnace
1. See table of analyses.

Owner’s well Blaat Furnace
2F. Well plugged with
cement snd abandoned in 1902.

Owner’s well Blast Furnace
2. See table of snalysea.

Owner’'a well Blaat Furnace
3F. Well plugged with
cement and abandoned in 1902.

Owner’a well Blast Furnace 4.
See table of snalyaes.

Owner’'s well Blast Furnace
4F. Well plugged with
cement and abandoned in 1902.

Owner’s well Blaat Furnace 5.
See table of analyses.

Owner’'s well Blast Furnace
SF. Well plugged with
cement and abandoned in 1902.

Owner's well Blast Furnace
6F. Well plugged with
cement and abandoned in 1902.

Owner’s well Blast Furnace 7.
See table of analyses.

Owner’s well Blaat Furnace
7F. Well plugged with
cement and abandoned in 1902.

Owner’s well Blast Furnace 8.
See tables of well loga and
analyaea.




GROUND-WATER RESOURCES OF THE BALTIMORE AREA

TABLE 15—

Owner or name

Driller

Approximate alti-
tude (feet)

Depth
(feet)

Casing diameter
(inches)

Depth
of
screen
below
land
surface

(feet)

Principal water-bearing
formation

Character
of
material

Geologic
age

Bal-Gf 101

102

103

104

105

106

107

108

109

Bethlehem Steel Co.

Do

=
o

—
o

496- 508
518-534

280-291
243-263
244-265

152-164

181- 189
208-220

157- 169

213-225

244-268

155-173

Sand and/or
gravel

do

Sand and/or
gravel

Sand and
gravel

Sand and/or
gravel
do
do

Sand

Sand and
gravel

Sand and/or
gravel

Sand

Patapsco

do

Patapsco

Patuxent

Patapsco
do
do

do
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Water level
(feet below lsnd surface)

Pump -

" Static Dste
ing

e

Depth
of
pump
below
land
surface
(feet)

Yield

Gsllons
a
minute

Dste

Specific capacity
(g-p-m./fr.)

Temperature (°F.)

Remsrks

%147 | %100 | January 1943

%179 | “138 1941

- | 55.32 [Oct. 16, 1945
- [55.32 do

1913

1914

1917

Z | Pumping equipment

200

200

185

188

540

480

80

85

183

228

269

281

172

1943

1941

1943

1913

do

nI7

11.5

2 | Use of water

64

60

60

Owner’s well Blast Furnsce
8F. Well plugged with
cemeot and sbaodoned.

Owner’s well Blast Furnsce
9F. Well plugged with
cement and abandoned.

Owner's well Blast Furnace
10F. Well plugged with
cement snd abandoned.

Owner’ s well Blast Furnace
1IF. Well plugged with
cement and sbandoned.

Owner’ s well Sprsy Pond 1.
See tables of well logs
and analyses.

Owner’'s well Spray Pond 2.
See tsble of analyses.

Owner’s well Beozol Boiler
1. See table of analyaes.

Owner’s well Benzol Boiler
2. See tsble of snslyses.

Owner’ s well Coke Oveo 1.
Well plugged and abandoned.
See tables of well logs and
analyses.

Owner’s well Coke Oven 2.
Well plugged and abaodoned.
See tsblea of well logs snd
analysea.

Owner’ s well Coke Oven 3.
Well plugged and abandoned.
See tables of well logs and
anslyses.

Owner’a well Coke Oven 4.
Well plugged aod abandoned.
See tables of well logs and
analyses.

Owner’s well Coke Oven 5.
Well plugged and abandoned.
See tables of well logs and
analyses.

Owner’s well Coke Oven 6.
Well plugged and abandoned.
See tsbles of well loga and
analysea.

Owner’s well Coke Oven 7.
Well plugged and abandoned.
See tables of well logs and
analyaes.

Owner’s well Coke Oven 8.
Well plugged and abandoned.
See tsbles of well logs snd
analyses.
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TABLE 15—
:’3 ] Dep th Principal water-bearing
I ::-; o = of formation
: Date | $.8 | Depth _§ 2 | screen
Location Owner or name Driller | com- EV (fepet) G | helow
Eueitey pleted | % ¢ ?E land Character Geologi
E 2 ] surface of Op DELS
& 3 (feet) material L3
Bal-Gf 117 Bethlehem Steel Co. Shanoahan | 1917 10 | 218(7) - - Send and/or | Patapaco
gravel
118 Do do do 10 280 - - do do
119 Do do do 10 295 - - do do
120 Do do do 10 2719 - - do do
121 Do do do 10 527 - - do Patuxeot
122 Do do do - 227 - - do Patapaco
123 Do do do 10 266 - - do do
124 Do do do 10 609 - - do Patuxent
125 Do do do 10 223 o - do Patapaco
126 Do do do 10 273 = - do de
127 Do do do 10 271 o - do do
128 Do do do 10 272 - - do do
129 Do do do 10 279 12- 44| 252-269 do do
130 Do do do 10 309 12- 44| 299-307 do do
131 Do do do 10 274 - - do do
132 Do do do 10 226 - - do do
133 Do do do 10 279 - - do do
134 Do do do 10 2 - - Sand do
135 Do do do - 513 - - Sand and Patuxent
gravel
136 Do do do 10 494 [12-4%| None Sand and/or do
gravel




Continued

RECORDS OF WELLS

Wster level

(feet below land aurface)

Pump -
ing

Depth
of
pump
below
land
surface

(feet)

Gsallons
a
minute

Specific capacity
(g.p-m./ft.)

Temperature (°F.)

Oct. 22, 1945
do

do

September 1941
Oct. 22, 1945

z | Pumping equipment

Z | Use of water

Owmer’s well Coke Oveo 9.
Well plugged and abandoned.
See table of analysea.

Owner’s well Coke Oven 10.
Well plugged and abandoned.
See table of analysea.

Owner’a well Coke Oven 11.
Well plugged and abandoned.
See table of analyaes.

Owner’s well Coke Oven 12.
Well plugged and abandoned.
See table of analysea.

Owner'a well Coke Oven 13.
Well plugged and abandoned.
See table of analyaes.

Owner’s well Coke Oven 14.
Well plugged and abandoned.
See table of analyaes.

Owner’s well Coke Oven 15.
Well plugged aod abandooed.
See table of analyses.

Owner's well Coke Oven 16.
Well plugged and abandoned
in 1926.

Owner’ s well Coke Oven 17.
Well plugged and abandoned.
See table of analysea.

Owner’a well Coke Oven 18.
Well plugged and abandoned.
See table of analyaea.

Owner’'a well Coke Oven 19.
Well plugged and abandoned.
See tsble of analyaes.

Owner’a well Coke Oveo 20.
Well plugged and abandoned.
See table of analysea.

Owner' s well Coke Oven 21.
See table of analyaes.

Owner’a well Coke Oven 22.
See table of analyses.

Owner’s well Coke Oven 23.

Owner’s well Coke Oven 24.
¥Well plugged and abandoned.

Owner’a well Coke Oven 25.
Well plugged.

Owner’s well Coke Oven 26.
Well plugged and abandoned.
See table of well loga.

Owner's well Coke Oven 27,
Well plugged with clsy and
abandoned io 1938. See
table of well logs.

Owner’a well Coke Oven 28.
See table of analyses.
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Location Owner or name
number
Pal-Gf 137_ “[Bethlehen St.e:l‘(‘n.ri
138 Do
139 Do
140 Do
141 Do
142 Do
143 Do
144 Do
145 Do
146 Do
147 Do
148 Do
149 Do
150 Do
151 Do
152 Do
153 Do
154 Do

TABLE 15—
."'a‘ ) Depth Principal water-bearing
= '.E Y A of formation
Date | 88 | pepeh | & § | Screen -
Driller com- | g (feet) | ® 5 | below
pleted| % ?E land Character Geologi
E 3 ‘o surface of 28
& 38 (feet) material age
Shannahan - 10 281 - - Sand and/or |Patapaco
gravel
do 1936 10 295 16-6 | 268-288 | Sand do
do 1938-39) 10 615 16-7 | 520-530 | Sand and Patuxent
555-575 | sgravel
585-615
do 1940 10 302 14-7 |271-302 | Sand and/or |Patapaco
gravel
do Before| 10 100 - - Gravel Pleiatocene
1902
do do 10 100 - - do do
do do 10 100 9 - do do
do do 10 100 - - do do
do do 10 100 - - do do
do do 10 100 - - do do
do do 10 100 - - do do
do do 10 100 - - do do
do do 10 100 = - do do
do do 10 100 o - do do
do do 10 100 - - do do
do do 10 100 - - do do
do do 10 100 = - do do
do do 10 200 - - Sand and/or |Patapaco
gravel
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Water level

(feet below land surface)

Pump-

2 Ststic

ing
e80

121.18

- 56.39
%166 | 109
71
- 62.23

Oct.

Date

1941

1939
22,

do

Dec. 28, 1945
Oct. 22, 1945

1945

+

= | Pumping equipment

Depth
of
pump
below
land
surface

(feet)

Yield

Gallons

minute

Date

(g.p-m./ft.)

Specific capacity

Temperature (°F.)

Remsrks

—

180

199

238

418

550

1941

1939-41

9.6

—

= | Use of water

Owner’'s well Coke Oven 29.

Owner’'s well Coke Oven 30;
gravel-walled by two 6-inch
gravel conductora, 234 feet
deep. See tables of well
logs and analysea.

Owner’s well Coke Oven 31.
See tsbles of well logs and
analyses.

Owner’s well Coke Oven 32.
See table of analysea.

Owner’s well Old Town Water
1. Well plugged with
cement and abandonedin 1902.

Owner’s well Old Town Water
2. Well plugged with
cement and abandoned in 1902.

Owner’s well O0ld Town Water
3. Well plugged with
cement and abandoned in 1902.

Owner’s well Old Town Water
4. Well plugged with
cement and sbandoned in 1902.

Owner’s well 0ld Town Water
5. Well plugged with
cement and abandoned in 1902.

Owner's well Old Town Water
6. Well plugged with
cement and abandoned.

Owner’s well Old Town Water
T. Well plugged with
cement and abandoned.

Owner’'s well Old Town Water
8. Well plugged with
cement and abandoned.

Owner's well Old Town Water
9. Well plugged with
cement and abandoned.

Owner’'s well Old Town Water
10. Well plugged with
cement and abandoned.

Owner’s well Old Town Water
11. Well plugged with
cement and abandoned.

Owner’s well Old Town Water
12. Well plugged with
cement and abandoned.

Owner’s well Old Town Water
13. Well plugged with
cement and abandoned.

Owner's well Old Town Water
14. Well plugged with
cement and sbandoned in 1902.
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TABLE 15—

Location
number

Owner or name

Driller

Date
com-
pleted

Approximate alti-
tude (feet)

Depth
(feet)

Casing diameter
(inches)

Depth
of
screen
helow
land
surface
(feet)

Principal water-bearing
formation

Chareacter
of

material

Geologic
age

Bal-Gf 155

156

157

158

159

160

161

162

163

164

165

166 |

167

168

169

170

171

172

173

Bethlehem Steel Co.

¥ ¥ F P P %P ¥ F F ¥

g

g

Shannahan

do

do

do

do

do

do

do

do

do
do

do

Before

1902

1900

do

1905

1908

1906

1913

1916

do
1917
do

1919
do

do

do

1925

1920

1925

—
o

—
(-]

10

10

10

10

10

10

10
10
10
10
10
10
10
10

10

10

10

200

276

286

192

283

576

288

190

288

225

222

308
224
223

290

317

226

318

8-6

8-44

266-278

270-286

176-192
160-176

541-572

279-284

168-190

196-216
277-297
283-304
202-222

198-218

274-290

289-311
196-219

298-317

Sand and/or
gravel

do

do

do

do

do

Sand

Sand and

Sand
Sand and/or
gravel
do
do

do

do

do

Sand snd/or
gravel
do

Sand

Patapaco

do

do

do

do

do

Patuxeot

Patapsco

do
do

do

do

do

do

do
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Wster level
(feet below land surface)

Pump-

. Static Dste
ing

Depth
of
pump
below
lsnd
surface
(feet)

Yield

Gallons
a
minute

Date

Specific capacity
(g.p.-m./ft.)

Temperature (°F.)

Remarks

95 | %24 1500

a17 | %24 do

1916
1917

- 265 1917

Feb. 18, 1944

= 27.06 {Oct. 16, 1944

- 56.01 do
- 56.20 do
- 28.83 do
3 28.01 do

= 56.73

° 52.83
°© 29.68

°© 54.93

Z | Pumping equipment

z

175

197

197

227

198

190

209

202

218

186

163

150

150

150

150

250

200
250
113

87
103

92
109

103

105

62

136

1900

do

1905

1908

1906

1913

1916

1917
do
1941
1942
do

1943

do

1942

1943

1942

3.0

Z | Use of water

z

P-1

P-1

P-I

60
59.5
58

60

58

Owner’'s well Old Town Water
15. Well plugged with
cemeot and abandooed in 1902.

Owner’s well Old Town Water
16. Well plugged with
cement snd sbandoned in 1915.

Owner’ s well Old Town Wster
17. Well plugged with
cement and abendonedin 1917.

Owner’s well Old Town Water
18. Well covered. See
table of snslyses.

Owner’a well Old Town Water
19. Well covered. See
table of enalyaea.

Owner’s well Old Town Water
20. Well covered. See
table of analyses.

Owner's well Old Town Wster
21. Well covered. See
tables of analyses and
well logs.

Owner’a well Old Town Wster
22. Well covered. See
table of well logs.

Owner’s well Old Town Water
23. See tsble of well loga.

Owner’ s well Old Town Water
24. Well covered.

Owner’s well Old Town Water 25.

Owner’s well Town Water 1.
See tsble of soalyaes.
Owner’s well Town Water 2.
See table of snslyaes.
Owner’s well Town Water 3.
See table of analyaea.
Owner’ s well Town Wster 4.
See tsble of analyses.
Owner’ s well Town Wster 5.
See table of analyses.
Owner’s well Town Water 6.
Origiosl depth 706 feet.
See tables of analyses and
well logs.
Owner’a well Town Water 7.
See table of anslysea.
Owner’a well Town Water 8.
See tsble of analyaes.
Owner’s well Town Water 9.
See tables of well logs
snd snalyaea.
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Location
number

Bal-Gf 175

176

177

178

180

181

182
183

184
185
186

187

188

190
191
192

193
194

195
196
197
198

199

l
l

TABLE 15—
.:.a‘ H Dep th Principal water-bearing
i E o = of formation
Date | g & Depth _E @ | screen
Owner or name Driller com- [ > (feet) | © S | helow
B e
pleted| % © 2= land Character Geolowi
e ] surface of o ERE
<g'- 8 (feet) material nge
Bethlehem Steel Co. Shannahan | 1936 10 300 - - Sand and/or |Patapaco
gravel
Do do 1940 - 322 | 14-10] 290-322 do do
Bay Shore Park do 1907 10 743 8 - Sand Patuxent
Do do 1905 6 339 8 - Sand and/or | Patapaco
I gravel
Fort Howard o = 10 400 10 - do do
Do Harris- ’ 1938 12 399 18 - Sand and do
Harmon gravel
Do - - 10 314 - - Sand and/or do
gravel
Fort Howard School Shannahan | 1930 = 295 [3 - do do
Cheaapeake Terrace School do do - 307 - - do do
Harry B. Wolf - - - 16 - - do Pleiatoceoe
Do Shannahan | 1907 ) 631 6 - do Patuxent
Do do do 5 402 - - Sand Patapaco
North Point School do - 20 119.9 6 - do do
Sparrowa Point Bridge Co. McClintic-| 1930 10 60 3 - Sand and/or | Patapaco(7)
Marshall gravel
Baltimore Post Office - Before | 20 13 o - do Pleiatocene
Outiog Club 1925 |
Do - Before | 20 97 6 o do Patapaco
1931
Bethlehem Steel Co. Shannahan - 10 280 8 - do do
Do do o | 10 280 8 o do do
Do do 1945 10 345 o o o o
Do do do 10 327 o - - 2
Do - - - 192 8 - Sand and/or | Patapaco
gravel
Do - k - 136 8 - do do
Do - - - 270 8 - do do
Do - June o 213 - - do do
1902
Do - Sept. - 502 6 - do Patuxent
1909
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Water level £ | Pepth 4 z =
(feet below land surface) E_ opf VA § : ‘3‘:
N il ‘3 | pump S| 5| e
T | below : \é § § Remarks
e ) “E" land | Gallons E n. - E
A Static Date £ surface ) a Dste ‘.",3 & %_
E (feet) | minute & e
4128 %96 1943 1 209 720 1943 22.5 [P-1| 61 [ Owner’s well Town Water 10;
103 Oct. 16, 1945 gravel-walled by two 6-inch
gravel conductors. See
table of analyses.
8169 | ®108 | Feb. 25, 1940 | 1 222 752 1940 12.3 |P-1| 61 [ Owner’s well Town Wster 1l.
56.17 { Oct. 16, 1945 See table of analysea.

- 41.89 | Sept. 14, 1944| A - 150 - - |P - | Reported to have had a flow
of 50 gal. a min. before
1918. See table of well

. loga.

- - - A - 66 - - |P - | See table of analyases.

- 349 1940 I 90 285 1940 - |M (9.5 Owner'a well 2. See table
of snalyaea.

- 32.9 | June 3, 1943 1 90 315 do - |M | 60| Owner’a well 3. See tables
of snalyses and well logs.

- - - N - 110 ° - |N - | Well covered.

- 435 - R 90 50 1930 - |N - | See table of analyses.

- 32.11 | June 12, 1944 | N - 70 do - |N - | Well equipped with sutomatic
water-atage recorder since
September 1944. See table
of analyses.

- - - H - - - - P - | Driven well.

- %3 1907 N - 150 - - |- - | Well filled.

- - - N - 100 - - |- -| Well filled. See table of
well loga.

- - - R - 25 - - [N - | See tsblea of analyses and
well logs.

- - - N - - - - IN -| Well covered. See table of
anal yses.

- - - R - - - - [N - { Dug well.

- - - R - - - - IN - | See table of analyaea.

- 48 | Feb. 18, 1944 | A - - - - IN - | Owner’'s well Old Town Water
26.

- 49 do A - - - - [N - | Owner’s well Old Town Water
27. See table of analyses.

- o - N [ None - - - |IN -} Omer’'s well Town Water Teat
Well 1. See table of well
logs.

- o - N do - - - [N - | Owner's well Town Water Teat
Well 2. See table of well
logs.

650.1{ 930 1917(?) N - 163 1917(?) 8.1|N -| Plugged with cement in 1917.

- %31 1916(?7) N - - - - |N -

- 824 1909(?) N - 163 1909(?) - |N - | Well covered.

854 el 1902(?) N - 186 1902 8.1 N - Do.
%63 %2 1909(?) N - 364 1909(?7) 5.9 N ° Do.
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TABLE 15—
:7 & Depth Principal water-bearing
) E ° of formation
A Date | 8 @ Depth As % | screen
Location Owner or name Driller com- 9= (feet) B} S | below
ke [pleted| % -8 ©.£| land | Character .
| 5 ‘%7 | surface of Geologic
E S (feet) material oge
Bal-Gf . |Dr. Gilroy Newki rk 1911 - 113 6 - Sand Patapaco
Bal-Gg 1 |Dr. Penty Eiler 1945 10 185 2 None do do
2 Mr. Wolf do | do 10 214 2 do do do
Har-Ce 1 |Town of Aberdeen - - 120 30 |11-3 - Sand and/or [Patuxent
gravel
2 Do S o 120 46 (11-8 - do do
3 Do S o 125 35 |[12-8 - do do
4 Do o o 130 34 12-8 - do do
5 Do o o 130 31 - - do do
6 Do Shannahan - 115 31 - - do do
7 Do do - 140 33 - - do do
8 Do do - 125 - - - do do
9 Do | do e 120 - - - do do
Har-Cf 1 |Harford Diatillery Arteaian - 45 | 60(?) - - do Plei atocene
Well Co.
Phila-
delphia,
Pa.
2 Do do 1943 45 58 10 28-58 |Sand and do
gravel
Har-Dc 1 |Arthur Forney Harr 1944 145 290 6 - Hard rock Pre-Cambrian
2 |Mt. View Touriat Camp - - 145 230 - - do do
3 |Roae Haven Inn - - 145 180 - - do do -
4 |Townsley Parker 1928 150 50 |5-5/8 - do do
5 |John D. Cadewalader do ‘ 1927 160 75 [5-5/8 - do do
6 |Tom Preaton do do 130 55 |5-5/8 - Sand and/or |Patuxent
gravel
Har-Dd 1 |Federal Houaing Authority 9 1942 80 = - - do -
2 Do - do 60 - - - do -
3 [Harford County Board of - 1927 100 145 6 - do Patuxent
Education
4 |Altwater & Schoenhala Baltimore | 1905 90 | 126.5 3 - Sand do
Arteaian
Well Co.
5 |F. Bauer do do 90 116 6 - Sand and do
gravel
6 |Harford County Board of - 919 310 50 6 - Hard rock Pre-Cambri an
Education
7 |Bogera Lynch 1933 240 102 6 - do do
8 |P. B. & W. Railroad - 1891 40 114 - - Send and/or |Patepaco
gravel
9 |Willoughby Beach Water Co. |(Parker 1932 10 146 {5-5/8 - do Patuxent(?)
Har<De 1 |Bata Shoe Co. - 1939 10 32 (151 - do Pleiatocene(?)
2 Do - do 10 33 120 - do do
3 Do Van Hoy do 10 345 - - Hard rock Pre-Cambrian
4 Do - do - 24 [ 120 - Sand and/or |Pleiatocene(?)
gravel
5 Do Shannahan | 1944 15 60t - - de do
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Continued

Water level % Depth Yield E" =
(feet below land surface) £ of g: e
3| pome I

¢ | below o Gl | Remsrks
@/ land | Gallona Shas s i
p‘.'mp- Static Date '3 |surface s Date IR
1ng E {feet) | minute év :§ j

- a26 - - - 15 N - - - | - |Exact location unknown. See
table of well loga.
29 a5 1945 - - 5 1945 1.2 | D| - |See tsble of well logs.
a9 &5 do - - 5 do 1.2 D| - Do.
= = o I 28 33 1944 - P | - |Owner'a well 1.

- 817 1944 I 44 38 do - P | - [Owmer's well 2.
- - - J - 17 do - P | - |Owner’'s well 3.
- - - J - 17 do - P | - |Owner's well 4.
- - - J - 30 do - P - |Owner’s well 5.
- - - 1 - 28 do - P | - |Owner's well 6.
- - - - - 40 do - P | - |Owner’a well 7.
- - - J - 30 do - P | - |Owner’a well 8.
- - - I - JIOLS do - - -

932 | - |October 1943 | 1 [ 58(?) 200 1943 - 1] -

31.7 [ 30.25 | Sept. 1, 1943 | A - 100 do 66 N | - | See table of well logs.

Auguat 1944 - - - D | - | See tablea of analyaeca and

well loga.

10 - - - | - | Exact locatioo uokoown.
18 o o - - Do.
12 - - -1 - Do.

3 - - N | - | See table of well logs.

50 - - N[ - Do,
6 - - - | - |Exact location unkoown.

20 5 Do.
N . - N - Do.

38 - - N| - | Well plugged. Exact location
unknown.

- - - 1| - |Owner'a dugwell, factory well.

- - = | 1| -|Ower’s dugwell, colony well.
See table of analyaea.

12 = - N[ - |Owner’s well Bata houae well.
See table of well loga.

- - - N| - | Dug well. Yield reported

small.
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TABLE 15—
.'I".: 9 Depth Principal water-bearing
i ?, o A of formation
g el L HERIN e = 2 | screen
Location Owner or name Driller | com- E: (fepet) T £ | helow
number pleted| ‘% 3 ?E land Character LY,
E 3 g aurface of s
) 3 (feet) material age
Har-De 6 |U. S Army Lsyne- 1942 | 53.5 | 83 24-10 - Sand and Pleiatocene
Atlentic gravel
7 Do do do 59 121 17%-10, 71-81 do do
8 | Grabbe Parker 1932 |120 - 6 o o o
g | F. 0. Mitchell Morris 1930 | 65 50 6 - Sand and/or | Pleiatocene
gravel
10 | Norman Lee Lancaater | 1933 | 60 52 6 - Sand and do
gravel
11 Do do do 60 52 6 - Sand and/or do
gravel
12 | Dr. Delaney - - 40 50+ 6 - do do
13 | L. D. Boyce - - 10 43 9 - do do
14 | Swith Michael Canning Co. - - 60 51 6 - do do
15 Do - - 60 41 8 - do do
16 Do - - 60 48 6 - do do
17 Do - - 60 53 6 - do do
18 Do Shannahan | 1944 | 60 61 16-12 - Sand and do
gravel
19 |U. S. Army - - 45 251.5 - o o S
Har-Df 1 Do - 1918 | 15 140 10-8 | 130-140 | Sand end/or | Pleistocene(?)
gravel
2 Do o o 16.2 | 132 10-8 | 122-132 do do
3 Do S 918 |15 135 10-8 | 125-135 do do
4 Do - - 15 147 10-8 | 137-147 do do
) Do - 1918 | 21.4 | 151 10-8 | 141-151 do do
6 Do - - 25.6 | 152 10-8 | 142-152 do do
Y Do Layne- 1941 9.4 | 144 18 - Sand and do
Atlantic gravel
8 Do - do 34 162 - | 151-162 do do
9 Do - do 18.6 | 152 18-10| 83-88 | Sand do
141-151
10 Do - do 29.3 | 161 16 | 150-161 do do
11 Do - do 32.7| 55 18 33-38 | Sand and Pleiatocene
43-55 gravel
12 Do Layne- 1943 | 10 o - - - o
Atlantic
13 Do - - 24.1| 115 - - - -
14 Do - o 24 126 o E - o
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Continued

Water level
(feet below land surface)

Gallons
a
minute

(g.p.m./ft.)

Pump -

: Static
ing

Temperature (°F.)

w | Pumping equipment
o | Specific capacity

T | Use of water

%67.5( *29 20

-
o
-

Owner’ a well Airfield 1.
See tablea of anslyses
and loga.

Owner's well Airfield 2.
See tsble of well loga.

a7 300

=
<

6

Water reported to contsin
iron.

Owner’ a well Garage well.
Pump capacity 8 gul. a min.
See tshle of well logs.

Owner's well House well.
Water reported to contain
aome iron. Pump capacity
8 gal. a min.

Water reported to contaio
iron. Pump capacity
4 gal. a mio.

Caaiog partly filled with
aand.

Wster level 32 feet when
pumping 358 gal. a mio.
See tables of well loga
and analyaea.

Owner' s well Test well 20.
See table of well logs.

Owner'a well 250.

Owner'a well 255.

Owner'a well 256.

Owner’a well 257.

Owner'a well 258.

Owner'a well 7. Water
turbid. See table of well
logs.

Owner’a well B, See table
of well logs.

Owner’'a well 9. See tsble
of well loga.

Owner's well 10A. See table
of well loga.

Owner’a well 11. See table
of well loga.

Owner’'s well Speautie Island
well.

Owner's well Teat well 13.
See table of well logs.

Owner’s well Teat well 12.
See table of well loga.
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TABLE 15—
é & Depth Principal water-bearing
) E o of formation
| - Date | 3.8 | pepeh ; @ | acreen
cathlon. Owner or name Driller | com- | £ | (feet) [© 5 | below
ber - w &
num pleted| % < c - land Character Geologi
] = surfsce of OB
5 S (feet) material nge
Har-Df 15 U. S. Army - - 20 - - - - -
16 Do - - 61 100 - - - -
17 Do - - 3L.5| 165 " - o -
18 Do - - 30 - - - o o
19 Do - - 20 - - - - -
20 Do - - 66.7 60 - - - -
21 Do - - 65 5 - o L o
22 Do - - 58 105 - - - -
23 Do S - |0 -] - - - -
24 Do - - 55 67 - - - -
25 Do Layne- 1946 | 32.5| 179 o °© © -
Atlantic
Har-Ed 1 Do do 1941 | 24.8 129 o ° o -
2 Do do do 16.7 126 = - - -
3 Do do do 16.5] 127 o - E -
4 Do do do 7 90 |18-10| 45-50 | Sand Pleiatocene and
65-70 Patspaco
75-90
5 Do do do 11.6 | 225 - - b -
6 | Do do do 11 215 |18-10| 145-175 Sand Cretaceoos
200-215
7 Do do do 9 73 |18-10| 45-50 do Pleistocene(?)
68-73
8 Do do | do | 28.6 125 ~ - 1 -
9 Do do [ ¢ 21.5| 105 18 50-55 | Sand and Pleiatocene and
65-70 gravel Patapaco
89-104
1o Do do do 10.2 ]| 137 o o S -
11 Do do do 1o 139 |18-10| 70-75 | Gravel Pleiatocene(?)
12 Do do do 10 125 °© - o -
13 Do do do 20.2| 125 - - - -
14 Do do do 11 80 (18-10( 55-60 | Sand Pleistocene(7)
70-80
15 Do do do 11 365 |18-10( 145-165 do Patapaco and
185-190 Patuxent
345-365
|
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Conttinued

Water level % Depth Yield E o
{feet below land surface) E of F & : %)
'S | pump gzi 8.

T | below : é| 8|3 Remsrke
%[ land | Gsllons Sral S
P‘i':‘;- Static Date ‘a |surface s Dste g » : é-
E (feet) | minute & 2=

- - - N - - - - N | - | Owner’s well Test well 14.

- - - N - - - . N [ - | Omer’s well Test well 15.
See table of well logs.

- - - N - - - - N | - | Owner's well Test well 21.
See table of well logs.

- - - N - - - - N [ - | Owner’s well Test well 23.

- - - N - - - - N | - | Owner’s well Test well 16.

- - - N - - - - N | - | Omer's well Test well 17.
See tsble of well logs.

- - - N - - - - N [ - | Owner’s well Test well 18,

- - - N - - - - N | - | Ownar's well Test well 22.
See table of wall logs.

o o o N o - d - N |-

- - - N - - - - N | - | Owner’s well Test well 19.
See tsble of well logs.

- - - N - 0 1946 - N |-

- - - N - - - - N | - | Owmer’s well Test wall 24A.
See tsble of well logs.

- - - N - - - - N | - | Ower's well Test well 12A.
See tsble of well logs.

- - - N - - - - N | = | Owner’s well Tast well 10A.
See table of well logs.

- © o I = 120 1941(?) - M | - [ Omer's well 23A. See tsble
of well logs.

- - - N - - - - N [ - | Omner’a well Test wall 2A.
See tsble of well logs.

- - - I - 90 1941(7) - M | - | Omer’a well 23B. Test well
drilled to rock st 364 feet.
See tsble of well logs.

- - - I - 200 do - M | - | Omer’a well 23C. Sea
tsblea of anslyses and well
logs.

- - - N - - - = N | -« | Omer’a well Teat 5A. Casiog
not inatslled. See tsble
of well logs.

- |25.36 |Apr. 13, 1944 | N - - - - N | =« | Owner’a well 23D. See table
of well logs.

- - - N - - - - N | - | Owner’'s well Test well 7A.
See table of well logs.

- - - N - - - - N | - | Owner’s well 8A. See tsble
of well logs.

- - - N - - - - N | « | Omer’s well Test well 26A.
See table of well logs.

- - - N - - - - N | - | Owmer’s well Test well 25A.
See tsble of well logs.

- - - I - 110 1944 - M | - | Omer's well 23F. See tsblea
of anslyses and well logs.

- - - I - 182 do - M| - | Omer’a well 23E. See tables
of anslyaes and well logs.
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TABLE 15—
.:.; H Dep th Principal water-bearing
a E o of formation
. Date | .8 | pepth E " | screen
Location Owner or name Driller | com- §: (fepet) ] -§ helow
BT pleted | ‘% :“E land Character Geologi
E 3 2 surface of L
& 8 (feet) material ege
Hlar-Ed 16 |U. S. Ammy Layne- 1941 |16.5 120 |18-10] 70-75 | Sand and Pleistocene(?)
Atlantic 85-95 gravel and Patapaco
115-120
17 Do do do 18.3 125 ° o - -
18 Do do do 14.3 140 © P - -
19 Do do do 12.5 120 | 18-10| 105-120 | Sand and Pstspaco
gravel
20 Do do do 23 117 | 18-10| 80-90 do do
102-117
21 Do do do 14.3 121 | 18-10{ 106-121 do do
22 Do do do 16.3 315 - - - -
23 Do do do 14.5 133 | 18-10{ 100-110 ! Sand and Patapsco
115-120 | gravel
125- 130
24 Do do do 12.8 135 18-10| 120-135 | Sand do
25 Do do do 13.9 125 o © i -
26 - - - - 22 - - Sand and/or |[Pleiatocene
gravel
27 |Mra. Richardaon Parker 1928 - 118 |5-5/8 - do Patapaco
%8 |U. S. Aray Layne- 1941 | 5 402 - S - -
| | Atlantic
How-Cf 1 | Maryland State Police Washington 1937 |22 201 8-6 - Hard rock Pre-Cambrian
1 Pump &
i Well Co.
How-Cg 1 | Spencer lleath Hoshall 1921 - 165 6 - do do
2 |Murray do 1929 - 170 6 - do do
3 |McSherry Schultz | 1908 - 304 - - do do
4 | Grace Church Rectory - - - 60 - - do do
5 | 5t. Auguatinea Church - 1933 - 90 6 - Sand(?) Patuxent(?)
|
—— I
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Water level

(feet below lsnd surface)

Pump -
ing

e

Static

37.55

8.24

Apr.

Apr.

13,

13,

1944

1944

Depth
of
pump
below
land
surface
(feet)

Yield

Gallons
a Date
minute

Specific capacity
(g.p.m./ft.)

Temperature (°F.)

Remarks

] {Pumping equipment

133 1944

385 1944 S

316

300 1941(?) -

12 - -

30 - -
25 - -
17 - -

z | Use of water

Owner's well 23G. See
tables of anslyaes and well
logs.

Owner’'a well Test well 28A.
See table of well logs.

Owner’'s well Teat well 23M.
See table of well logs.

Owner’'s well 23I. See tables

of anslyaeca and well logs.
Owner's well 23H. Test well
drilled to 139 feet. See
tables of analyses and well
logs.
Owner’s well 23K. See table
of well logs.
Owner’'s well Teat well 35A.
See table of well logs.
Owner’ s well Test well 30A.
See table of well loga.

Owner's well 23N. Test well
drilled to 149 feet. See
table of well logs.

Owner's well Test well 32A.
See table of well logs.

Dug well, high iron content
reported. Well reported to
hsve a flow in winter.

Exact location unknown.

Owner’'s well Test well 1.
See table of well logs.

See tables of analyaes and
well logs.

See table of anslyses.
Exsct locstion unknown.
Do.

Exact location unknown.
Ample yield snd high iren
reported.

Do.




LOGS OF WELLS

Most of the well logs in Table 16 were reported by drillers.  The logs
of the following wells were obtained from J. T. Singewald, Jr, who pre-
pared them from examination of cores: 3N1E-1-4, 3N2E-1, 2N3W.1 and
2, 2N4W-1, 3N1W-6 and 7, 3N2W-6, 3N5W-1, Bal-Ea 1-5, Bal-Eb 1.7,
and Bal-Ec 1 and 2. The descriptions of the material given in the drillers
logs are essentially as they were reported; and contain a few terms that are
not strictly geological. The terms “crust,” i
to the hard layers or concretionary masses of ferruginous sandstone in the
Cretacecous sediments. The term “frec” apparently is used to describe sand
or gravel that is free of clay. The drillers’ use of the term “granite” gencrally
indicates merely bedrock, and not that the drill cuttings were actually identified
as granite,

The geological classification of the logs was made by the writers. Many
of the logs are either too generalized or too incomplete to permit an accurate
geological classification, so that for many wells the logs may not show accurately
the thickness of the formations. In most of the logs, except those of shallow
wells on its outcrop, the Raritan formation has been included with the
Patapsco formation.

310
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TABLE 16
Logs of Wells in the Baltimore Area

Thickness Depth
(feet) (feet)
1S1E-15
ORI 5 56665 08000 96 06BE 858000 680 A8 E 00 & 31 31
Patuxent formation:
Sand and gravel (water at 55 feet)........... 26 Sl
Clay, mixed....ooeeueueeeneenenrenenennnnnnns 19 76
Pre-Cambrian rocks:
ROGKER o e e ele « 5 ole s o o SIo]5 o [efele ole o ol aiaie o o e oisio oo s 14 %0
1S1E-17
Pleistocene deposits:
Mud, black....ueeiiiiiieineiriinnerernenennns 20 20
Loam, yellow; gravel (water).........c....... 10 30
Clay, yellow.....ovvivniniiiiniiiinnnnnnnnn. 11 41
Patuxent formation:
“Kaolin,” hard........ceeveevnnneeennncoenns 4 45
Gravel, white (wWater)......v.oeeeiueenennnnnnn 5 50
1S3E-1
Patuxent formation:
Sand; some clay......vuieiiiiiiieereinnnnnnnn 125 125
Pre-Cambrian rocks:
Mica rock..ee e eereneeeeeennenneennnnnnns 250 375
Granite (?), white (probably limestone)...... 20 395
1S3E-2
Recent and Pleistocene deposits:
Cinders and clay........ccoviiiiinnnnnnnnn.. 15 15
Arundel and Patuxent formations:
Clay, sandy....oeeeeenninnnernnenennnneeennas S 20
Clay, red, tough.....coiiiiiiieeiineiennnnnns 20 40
Sand and clay...ooeeeeiiinniiiiniinieneennnnn 9 49
Boulders. coveeei i iiieiiieiiiiennnnnanns 4 53
Clay, sandy....ceoviiiniiiinniinnnnnnnnnnnnns 7 60
Sand, yellow.....covviiiuieineenenennnnnnnnn 25 85
Sand, yellow, fine.........ccivevvninnnnnnn. 9 94
Clay, yellow, tough........ccccivvviiinnnnn.. 42 136
Gravel, coarse; sand, fine, sharp............ 12 148
S7|5666086 00 00000 588808800663600503085 005 5a0 60 6 154
Clay, tougheuu.viiiiiiiiniiiniiniinennnnnnnnn 7 161

Sand, coarse; gravel at bottom............... 34 195
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TABLE 16—Continued
Thickness Depth
(feet) (feet)
1S3E-3
RRecent deposits:
Britciiand P cindeni il S SOt o ates o 5 o oelel s+ 12 12
Arundel and Patuxent formations:
Clay, red, hard....cccvieieiiiinnniiinnnannns 132 144
Crmal; $ThlEE00 0000000000000 000000000000003000 17 161
Clay, blue, hard...coviiniiiieneianncanannnn. 7 168
Sand and gravel......ciiiiiiiiiiiiiiiiiiiia, 21 189
Clay, varicolored; boulders, small........... 34 228
Sand and gravel. .ccceiiiieeiaeirrcceieaiannas 22 245
Clay, blue, soft..cceiviiieiicineiacnanianse. 17 262
Pre-Cambrian rocks (?):
Sand, dark gray; possibly weathered granite.. 5 267
(GiPEMI EEs 60 00 0000600060086 0OOAA 6 00000000 30000000 S 212
1S3E-4
Arundel and Patuxent formations:
Clay, lisht gray to maroon-mottled........... 15 15
Sand, buff, moderately coarse......coeeceeens 20 35
(Ol 6000000600000 300000000A00606000000000 000 05 110
Sand, clayey...cceiiiiiriiieiiisancciiancaanas 21 137
Gravel and some clay pellets and balls....... S 142
Sand and gravel with clay balls.............. S 147
Gravel, quartz; sand with some clay balls.... 8 155
Gravel and sand, clayey.......oeovveennnn. 000 14 169
Sand and gravel with clay balls....c..couann. 10 7
Sand and gravel.......ccceeecceactencesacnsas 16 195
1S3E-7
Recent deposits:
FRl 66 0000000000000800000000000000060900000800 S S
Patuxent formation:
Clay, Sandy.....ceeeeseceoncecscsscccsaasasas 10 15
§21@)h 0000 0000000 008 A000dAA B0GA0AA0 000000000 J 10 25
Semell gmiel [FEvElls sen0000 00003306000 0300 00 003680 5 30
Sand and clay, mixed..cieovsiieenceeaccenanns 3 33
Clay, white; silica...c.cevnececinccaannaanss 5 38
Clay, sandy, white and red......ccceeeeveenns 3 41
Clay, red; sand and gravel........cccvceaeanne 8 44
Clay, red, yellow, and white; sand and gravel S 49
Clay, vhite and yellow.....coeeiinnnaaennnans 5 54
Clay, white; S1licC8.cesenecracecronccancnanns 2 56
Clay, white, yellow, and red; sand, coarse... 3 59
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TABLE 16 —Continued

Thickness
(feet)
Clay, red brick
Clay, red, some streaks of blue
Sand (water)
Clay, red, some streaks of white
Clay and sand
Sand and clay
Sand and gravel
Clay, red, vhite, and yellow; sand and gravel
Sand and gravel
Sand and gravel; mica
Sand and gravel; mica (water)
“Alum” and sand
Sand, coarse
Pre-Cambrian rocks:
Shale, green, and sand; muscovite
Shale, green; sand and graphite
Graphite
Shale, green; sand and graphite

1S3E-8

Recent deposits:
Cinders and fill

Arundel and Patuxent formations:
Sand, yellow
Clay, sandy, red; boulders
Clays, varicolored, tough
Shale, hard
Clay, brown; boulders
Sand and gravel, fine
Clay, bluish gray; boulders
Sand, clay, and boulders

Pre-Cambrian rocks:
Granite, soft, weathered
Granite

1S3E-11
Arundel and Patuxent formations:
Clay, red, smooth
Clay, white, somewhat sandy; smooth red clay
at 90 feet
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TABLE 16—Continued
Thickness Depth
( feet) ( feet)
1S3E-12
Arundel and Patuxent formations:
Clay, red...eeiieeeeneeeoreoeonoonsnonsnsnsas %5 75
Clay, yellow.ieeieveireoeeenresenennnonnnssas 65 140
Sand and gravel (water).......c.ceeeeeeennonss 43 183
1S3E-15
Arundel and Patuxent formations:
(Water encountered at 135, 160, and 210 feet;
sand rock at 216 feet).....covverienennnnns 216 216
Pre-Cambrian rocks:
Granite...uveeeereneeeeeeroonesnoennnnessnsns 14 230
(Not reported)..ceeeeeeeeeveesovnsnnnnnesnnen 130 360
LImeStOne. e v et aeeerenrennenenneonensesssssnns 25 385
(Not reported). Granite at 408 feet......... 23 408
1S3E-16
Arundel and Patuxent formations:
(Not Teported)....vviveeeeeeeenncncrennnnnnns 227 227
Pre-Cambrian rocks:
Rock, black...eeiiveerininevionerennneonnnnnns 33 260
Marble, White...vieeerueereoeeveneenonnnnnnnes 50 310
1S3E-17
Arundel and Patuxent formations:
(Not reported)..veeeeeeenceeneneeeennnacenens 224 224
Pre-Cambrian rocks:
Rock, soft; hard rock at 227 feet............ 3 227
(Not reported)...ieceeeeeeensnereeneneneennnns 63 290
1S3E-19
Recent deposits:
Cinders and fill......ciiiinnrievennnennnnnnnn 15 15
Arundel clay:
L0 T 19 34
Patuxent formation:
Sand, packed.....iiiieiiiiiiiiiiiieieneennnnn S 39
Clay, YelloW....oiiieiieveernonnennnnonnnnnns 20 59
Sand, hard packed.....ccoeivrvvrrnneenserenens 18 77
SHALE. e e e viiiaereenansnnsavesoneoonssnsnsssses 4 81
Gumbo, red.iieeeeeirininrnenereeneennnnonnnss 28 109
Sand, fine....uieceveeeeeencceoasscnonnsnnnsse 8 117
GUMbDO. s vt ittt ieiiiieereeeneeneneennnnnnnss h 123
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TABLE 16—Continued
Thickness Depth
(feet) (feet)
STl B 8B 660060 D6 BO050 000 000BRBBONEE S Ra 00 BaE 6 129
Sand, COBrSe....veereeeeeuenenenessososannnn 20 149
Gravel; clay at 153 feet.ivvuseeeeeeennnnenns 4 153
1S3E-21
Arundel and Patuxent formations:
Clay, red..ciieeceeeeennennnssseneconsannnnns 80 80
Sand, yellow, fine (Water)....eeeeeeesoeene.. 30 110
Clay, red..ciceeueceeceeerennsennnnnnn 66000000 50 160
Sand and gravel (Water).........c.eeeeeeeness 30 190
Sand, white, fine....veveeiienneennnnennnnnss 20 210
Hardpan. Loose conglomerate of small gravel
and coarse sand; variegated clay, blue,
yellow, white, and slightly greenish....... 100 310
Pre-Cambrian rocks:
Gneiss rock, alternatingly hard and soft..... 295 535
1S3E-34
Arundel and Patuxent formations:
(NOL TePOTLed). e eeeeeeneessonsonssonnnnn 160 160
Sand (WALET).eueeeeeuoosoeesseoccooseoosossss 10 170
(Not Teported). cieeeeennereennneeneeeenensons 30 220
Clay, YelloW..eeeeueoeueneoseooooosooaaanones 20 240
Sand and gravel (Water)....seeeeeeeeeooeoeoss 20 260
Clay, yellow (water); loose shell-like rocks
At 320 feetieieereeeeeenennnnnrsoncoonnnnns 60 320
(Not reported).s.ceereeeeeeneoceenscennnnenas 80 400
1S3E-41
Patuxent formation:
(Not reported)..veseeeeeasenennsonnnnneennnss 87 87
(G876 60000600600 0660 0000053000 3BB0 00 0B85 6oB6SS 6 93
SaANd. e s te et ettarecceeacscecacsssoresensesans 16 109
Pre-Cambrian rocks:
R 5 356666 606 60 50000 06 BA00 6 80 3800 Bee 85 06 OO0 291 400
1S4E-1
Recent deposits:
P 60000b000 800 06dd00 05000000 o Doo TN 10 10
Pleistocene deposits:
Sand and boulders....eeeeeeeeieeeeoeesonnnss 30 40
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TABLE 16 ~—Continued

Thickness Depth
(feet) (feet)
Arundel and Patuxent formations:
@llayi. . e ST s o SIS L e e e e afeleRale ot 138 178
Sand and gravel, medium (water).............. 18 196
MICA. et iiniiaieianaaanaaaaaanensaasaansaas 4 200
Sand and gravel, medium (water).............. 10 210
MATCAYir: B A Tl Tl N e o « o« oo croranaionsie o « « T FIRS 2 212
Sand and gravel, medium (water).........c..... 8 220
A A Bt . o R 2 e He o oo X D YT 11 2811
Pre-Cambrian rocks:
RE A0 GRS & ELe [ Taraters a [s iavaxore & [ararala’s s lals 0 5 svalale o 578 a[ofalaTs 2 233
14E-2
Recent and Pleistocene deposits:
Surface fill and gravel.....coveevevnnnenneens 20 20
Sand and gravel.....c.ccovieerennnnneecncennnns 20 40
Arundel and Patuxent formations:
Clay, red..ioeeeieseeceessanoecsacssasasannns 29 69
Boulders, gravel, and sand........coiveennnn. 12 81
Clay, tough..ceeeeeeereeeieeiiineeneneennnnns 16 97
Boulders imbedded in clay.....cceeeneeeeceen. 8 105
E al yore e e T T ATl ore o faxe &) aafaTaTalalaTalel o[ FLLLLE 25 130
Clay, sandy; gravel.....ciiiiiiniinncnnnnnanns 38 168
Sand, fine; streaked with clay.......ccueue.. 12 180
Clay, sandy; gravel..iciieinieeienerenennnnens 10 190
Sand, medium; with clay balls (water)........ 25 215
Gravel, heavy, imbedded in very tough clay;
ML CBe e eeeeoneoconeescanancecaaceassassannsas 4 219
Pre-Cambrian rocks:
Clay, dark blue; weathered mica.............. 8 227
M CAMEO CRE =12 (51 o 5o TelooT 1o s foYe  Ts o /sTe eTeTslofe SfeXelore TR 7 234
1S4E-3
Aruncle]l and Patuxent formations:
(Not reported).ueeeeeeeeeeeceececconcecnanns 150 150
Sand and gravel, white.....ccceiieeeeeanananns 50 200
Pre-Cambrian rocks:
GNE IS S, arere alare o/a/sralerthe o = = o sc s oo a e oaiesetolels ol 50 250
Gneiss with much muscovite and garnet........ 13 263
1S4E-19
Pleistocene deposits:
Clay, red; sand, fine.....cceveeeieecenncenns 17 17

Gravel (o Water).....eeeeevnseesenenacaaanss 11 28
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TABLE 16 —Continued

Thickness Depth
(feet) (feet)
Arundel and Patuxent formations:
Sand, light brown, mixed with clay....ccc0u0s 65 93
(CIETA T i oo I R o I B R 6 O 93 186
SandStone. . e vieiiiiitiersitaasrsanrasaroresan 1 187
SaNd, COATSE. ..o eerssorecovoosososesnssaanns 3 190
Clay, varicolored........ceeeveeernccnnncaass 27 217
S IRC 200 0 08 06600 6 6 Gt e St caBoE 0 B0 0s 2 219
Sand jandl gravels . . i s o Blis Ee s ele b bl os 18 237
Pre-Cambrian rocks:
Granite, weathered......ceeceeeeeececccnsccans 13 250
2S1E-3
Recent deposits:
G de Ry, e e s e ovevane v larenaevs o [ile 10 10
Arundel and Patuxent formations:
CU YA RE AR o T o (ele | < FoNelake | 2L o o o e oS [oTo10 |5¥e o lo] e « 52 62
S@Nd/STONE s o sTo¥e erereraTeXsTaRssperatstaratarats s s fate oXe s ranorerersfete 2 64
S o BV RS 8 86 - 588 600080 806 Boadt B8G0 7 71
CQll&sy, oeely GERENe 56600380660 0800 006000008880 00 16 87
Sand, brown, fine......cciiiiiiiiiiinnnncanas 4 91
Clay, blue, soft..ceeiiiiiiienencncnanannanas 7 98
Sand, dark brown......ceeeeeeeeeciacecaaaaeas 4 102
@575, JES 86 06 0666 00 5000000 0060000 606 00 00 B0 29 131
Gravel and sand......coiueiinninnnnnannananns 19 150
Clay, blue...cveieiieeneeeneenceeecenaaansanns 11 161
2S1E-16
Arundel and Patuxent formations:
Clletys PEelto 06 000 5088 000000600006a0000300000 00 55 55
Sand, yellow (Water)....c.ceceveeeeeonacoannss 5 60
7y #2Elooo 5803b000600060086600000000 0006650 08 10 70
CES AR 920 8o o0 TS ot 4 oo 680 oblas 006D d0abdo00 20 90
Clay, white; sand....coceeeeeeennencannacanas 6 9%
Sand, white (Water)....cceeeeeeeevececooances 3 99
Clay, red, with little iron ore.......covoees 4 103
Sand and clay, white; gravel at 119 feet..... 16 119
2S2E-1
Arundel and Patuxent formations:
Topsoil, clay, sand, etC.ciieeeecnaannsnnnnnn 73 73
SENT SRR AR Ss QOO BORE S8 EEE A A0 ST B OB 000 10 83
CEY, o8l WES6h 6h 00 000000 0060060 0000QA08 0003 26 109

Sand and gravel, in layers.......cceeveennnns 37 146




318 GROUND-WATER RESOURCES OF THE BALTIMORE AREA

TABLE 16 —Continued

Thickness Depth
(feet) (feet)
Clay, yellow, hard............ PdE6686.000 000 B4 26 172
Clay, sandy, hard......covvevneeeenrnennnnnn. 14 186
37, 158k 00000000 000860006800 44 00600 00 368 4 A 8 194
Pre-Cambrian rocks:
(ETANTTE! o ole eloiree e ioioe He o s sloisl /<15 5101 e lols]o) lelalelalelolols 2 196
2S2E-6
WEEE 35000000 0800056000006806 8880503050888 6. b o 15 15
Recent deposits:
Miehi06 600500006006000000000806d8888850 005606 o 13 28
Pleistocene (?) deposits:
Sand, fine and coarse...uveieevreneerennnvens 8 36
Arundel clay:
Clay, red, hard.. .. vveiiiinininnnnnnnennens. 10 46
Patuxent formation:
Sand, white, fine, hard.......covvveuennnnnn, 48 94
Sand, coarse; some rocks......... o000 0006 b g 61 155
Gravel, fine, quartz; same rock.......e...... 8 163
Pre-Cambrian rocks:
Rock, Fotten. ivucuiieiieeenennennneennennnsn 27 190
Rock, shattered...coeeeeueeeenerennsnensonn, 5 195
Bedrock (granite, pegmatite)...........cee... 17 212
2S2E-11
Recent deposits:
FASG 05 50003 6430006000 9B E50 58 a0 AaE BEB800 80080 20 20
Yellow pine pile.ceeeeneeevneoenenenrennannns 10 30
Pleistocene deposits:
Clay, yellow..iooueieeiiieieneinnennncnnnnnen 10 40
Sand and gravel, coarse (brackish water)..... 5 45
Arundel and Patuxent formations:
(370 80000 008 00060000000 S AEAEHRG O C S b oE 25 70
Gravel (Water)....uveeeeeerenceceevesnnensnns 5 75
Clay, blue . iisieeeeereneinuniernrnnnnnnns 25 100
Clay, micaceous; sand; hard rock at 142 feet. 42 142
2S2E-21
Recent deposits:
IS 6000008006 6000 oonaB 00 RN S 25 25
e IR0 560 00 00000080000 00 B EAEEAE oo ook 5 30

Pleistocene deposits:
Clay, pinkish..iviieiieeiieiiieineerennennnns 12 42
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TABLE 16 —Continued
Thickness Depth
] (feet) (feet)
Sand and gravel (brackish water)............. 5 47
Arundel and Patuxent formations:
Clay, variegated......vcceeeeinrnnennnnnennns 48 95
Sand and gravel (water).i.ceeeeeeeeeeeeennnns 2 97
Clay, variegated; sand streaks......eeeeeee.s 58 155
Gravel and sand (Water).......coeeeeeeeoncens 2 157
Pre-Cambrian rocks:
Rock, black, hard.....eeeeiieenereonneanacoss 160 317
2S2E- 38
Recent deposits:
S UlG0000086 068 806000000000 00 SEBBARER 05 SATa 10 10
Arundel (?) clay:
(CHEN 7 221060 00000 0 58 6A6 B8 38 0 586 60 SABA 86 380 56 25 35
Patuxent formation:
Sand, fine...ceecieeieeceeecescessseceannanes 10 45
Gravel (Water)...v.ceeeeeeeseseseeseeansnsnas 3 48
(Not reported). Rock at 99 feet............. 51 9
2S3E-17
Recent deposits:
(1TSS SRS, OB o 00 R S ——— 16 16
Mud, blue.....ccvveeernnennneeeenenn R Rel o lote 14 30
Pleistocene deposits:
(&35 500060860000 0000006066 4000 HAAOO 6000830004 15 45
T 1T U S 50
Gravel, COArSe...ivivieeeeceececnccooancaasnn 20 70
Gravel and sand..vvveeeennnennnnnenceenennnns 4 74
Patuxent formation:
Sand, fine....ieeeeeeieeececcencansssnnannann 26 100
Clay, white; hard slate....coovveiiiinnnnnnn. 8 108
SEGE 00 B 0 060 g0 B ol G 58 08 0 ol oo Ao B 6 B 15 123
Clay, white, hard...coveeeieiiiniineennnnnns 19 142
Sand, Medium. cuveeereeeeceeenacecoscaosansens 33 175
Clay..oeeesscescess 0000000000 453000 0 00 TOBEE. o 7 182
Gravel, COArSe....cvevuveeeeeenennsossooasanes 23 205
SN0 8 D 60000 R IS 500 6 00D 0 6 0 ARTREE RAR 1 206
Boulders, large..c.eeveeereeeneeeernnrnnnnnen 1 207
Pre-Cambrian rocks:
Rock, flinty..ueiieieeereeeecenceecoencecnnns 11 218
2S3E-41
Pleistocene deposits:
SE106h% 5660005066066 00300000 GAGHBO3A B0 BE0 0640 18 18
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TABLE 16 —Continued

Thickness Depth
N (feet) (feet)
Gravel....ovieevereerernceneeceececsconannces 1 19
SANAL o Feteieheiei e oo oo soio oons alolommie o o oncfileleTorone RUPRT. (o 26 45
ClleN2 000000l 5 58006 0000 AP e BBRLE M 000 00 &t he 00 2 47
Sand, with little clay....cceeeininneneennnnnn 20 67
Sand and gravel, coarse (water).........c..... 2 69
Arundel and Patuxent formations:
Sand, fine; occasional very thin gravel bed.. 101 170
Gravel, coarse, clean.......cceveevevcnnncnnsns 28 198
2S3E-42
Pleistocene deposits:
Sand and gravel......coovviiiiiiiiniinnennnn, 7 7
Clay, White...vveesereeooranecncnnnnnnnnonans 22 29
Gravel; clay, yellow...eeveeeneeeneenencncens 9 38
Arundel clay:
(CILER 70 310 S, S e e i 18 56
Patuxent formation:
Sand; clay, white....oveeeeneeeroneseeennenes 18 74
Clay, yelloW..eeeeeeveoeeneooococonooenconons 6 80
Clay, light yellow..eeveenueeeeenenennnennns 3 83
Clay, white..uoveeusrecesocnnsoesoareonennnes 6 89
Clay, yellow..coeei i rrniirrnnsnnnsssssosnnns 10 9
Sand, white....vveincrnnreennneecnronnronnens 19 118
Clay, white....oeeueeeenreronononsonecnnannnnn 5 123
Sand, COArSE...eveveveeseccnccossososesonnnes 5 128
Clay, White.iuesusoeeeeeenrenonreosaonnonneannns 1 129
Clay, yellow.eee oo civeeacencansosacaccanasas 8 137
Clay, white; sand, and gravel......c.ceeven.. i 144
SEfncl 1bYENEs 680 060066680660 0606 06600000800 00 0 dd0 14 158
Clay, light...ieeietineiecaennceaaanceaaaaans 1 159
Sandl] Fedl. . o sttt oiofs o o efotoloionelole ote oro sle shstonslielsls 20 179
Sand, light red, coarse......cccevvvevveeneen 1 180
Gravel, small...coiiviiieirennnecencnnancnnns 3 183
Gravel, sand, and clay.....cvviniinnnnnnnnans 4 187
CLIaY/e o oieve o ol 0 ofelolelelolerereraTaret e STols o o Slavalalalalevstolaloversta 3 190
Gravel, coarse (Water)......oeeeeeessssenssns 7 197
2S3E-61
Pleistocene deposits:
Clay, yellow..vviurienniennenonnenonnnannnnn 6 6
Arundel and Patuxent formations;
Sand, white...seeiieionnnsoennssansanesanoens 70 76
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TABLE 16 —Continued

Thickness Depth
(feet) (feet)
Sand, reddish....ecveeeeennnccnsssnsosnnsenas 44 126
Clay, sandy, variegated.......eccessesnnssase 3] 157
(CllE570 K 0 000 008 8 50 06 8 60d0: 36 200 00 0688 00503 9 166
Sand and gravel.......covevinenescnsscncsasnss 21 187
Pre-Cambrian rocks:
Micaceous material, gray, carrying some
garnetiferous material........civveenenennn 13 200
2S3E-64
Pleistocene deposits, Arundel and Patuxent
formations:
Clay, alternating sStrat@......c.ooeeeeeesesss 117 117
ek 60 dBB0 66,0060 080 006000000 00000 0303000004 43 160
(C1E570 00 0 06660000 6600036 0000 00 0O 000500 600000 31 191
SENG L0 6 SBBIO8 0 0.0 do0 0 o0k 0000 0B 0 A0DBBO00 3 15 206
(CILE370 3 SETEA 606 0000000606 660600000660 5060600 18 224
2S3E-65
Pleistocene deposits, Arundel and Patuxent
formations:
(Not reported)..eseeeesssssssssssssossssssnss 80 80
WAGER 1@ #5000 00 00 00000 00000000 640000030 00 5 85
(Bl SRR 6 5650 60 66586560 50 G0 000000000 0 60 145
Sand and gravel grading to rock....e.eeeee.n. 90 235
254E-1
Pleistocene deposits:
Waln,  EEmCN 0 660 000650 0886 d600 605066606000 60J0 12 12
Sl el [5eEEIko 0 000 0 066 06 60C 000000000 G00000 6 18 30
(GIlES7 ) MEEEN S 060000 00 06 0B0GEE 000 060 000000000 a0 25 55
Arundel clay:
Clay, sandy, varicolored......cieo0veeeerenen 30 85
Clay, brown, with sand...........cciiivuinnnns 10 95
Clay, red and yellow, mixed with sand........ 15 110
Clay, yellow and brown, with varying amounts
@i I8 00 00580660088 0000080 68 80006000 0000 26 136
Patuxent formation:
Sand, brown, with some clay....c.covvevunnnne 6 142
Sand, yellow, coarse...coeessscecececsncessnes 12 154
Sand, coarse, with gravel........c.ovvvuneene 3 157
Sigel; " I o 66 0 0B 000600 00 00LH 000 000000006000 3 160
Sand and gravel, yellow, coarse.............. 9 169
Sand, white, COArSe...e.evsersosecscscssasoss 6 175
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TABLE 16 —Continued

Thickness Depth
(feet) (feet)
Sand and gravel, COArSE.....ceeeeeevennnnnnn. 8 178
Sand, reddish, with some clay.........c0vu... S 183
Clay, deep red. ceeeveneneeeneeneevnnnsnnennns 3 186
Clay, light red....veeeeinnenenenrernennannns 4 190
Clay, Bray..veeeeeeeececeneneneennsesnnensons 5 195
Clay, slate gray..e.eeeeeeeeeeseesecesoesenns 10 205
Clay, yellow and brown, with little sand..... 20 225
Clay, hard, reddish, with sand............... 4 229
Sand and gravel, yellow, coarse.........o.... 3] 232
Gravel, coarse (Water).....ueveeeeneevneonnss 8 240
Gravel, coarse, with sand.......ceueenuennnn. 6 246
Gravel and sand, white, coarse............... 11 257
Sand and clay, fine.........coveeenesenennenn 10 267
Pre-Cambrian rocks:
Clay, brown and yellow, hard; gneiss at 279
225508 0800460600 965000 060008 BBRBEEh060 0060 12 279
254E-9
Pleistocene deposits and Patapsco (?) formation:
SEITC 58000 0 DBAG00 OB r D ST  re 10 10
Clay, wWhite.ivuiiienenennienensennnennnnns 5 15
81000000000 G085 & 30000B0000888008E A88 66 cbo 20 35
Arundel clay:
Clay, red...ciieniinininnnnneneneeenonnnsonns 55 90
Patuxent formation:
SIS Verlc/=ls = o fetolololotlalslos o o o/s ote aletolelala s e ola ole 2 92
Clay, blue...c.iiiiierereeeeonsesssconnscnns 16 108
Sand, fIne..ccviiierenereireneeeeneneronnnnes 5 113
Sand and gravel, coarse............ 3000000000 | AR 216
Pre-Cambrian (?) rocks:
B SR80 00 000 o0 S AP BT A A e 8 224
254E-10
Pleistocene and Cretacecus sediments:
Soil, sandy; clay....eeuerirennnnnnennennnn. 35 35
Clay, sandy...cceeeeeeeerenenereennneneennnns 8 43
25 68
1 69
40 109
7 116
1 117
43 160

2 162
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TABLE 16 —Continued

Thickness Depth
(feet) (feetr)
S50 0660000000050 00 6 SBELAE G SO0 BEEEBG 86 G0 4 166
(Ol oc00800000 008000 aaada B8 oo SBAED B0 000 C 25 191
ST S RS R g S 38 229
284E-11
Recent, Pleistocene, and Cretaceous sediments:
Clay and fill....oviiiiinennnncrnronconacnnns 83 83
Qe 61 76'0 0 0 JB88 60083640 080 6 06 380000 BGH 0 6 10 93
SETl 0 06 00 66 686 00086 660 B3I800 6 060 6 o 6 886 606 40 133
QIEVRL 8L IO o Dol Ca atE Se o O CEoRE B t. Sto00 00D 12 145
SE@Cl 90 0000000000000000000000000000000000000 0 11 156
G575 oo SBE80 o o 5 o S © 00 56 906 00 Bo JHEE 6 3 159
SL.1ldo JBB8RE0 ¢ 4008 68883100 ¢ 8 6 06 B0 00000000 15 174
(7760000000000 00006066060660600060066 0000000000 0 10 184
SaNd'sar wrarerss) e 5T 1+ 5 T55 o el o) o TSI RT TN T S eTSTS 40 224
254E-12
Pleistocene deposits and Patapsco (?) formation:
Clay, red......... oo SR M o G NN 8 8
Sand, brown, fine€.....ceceeeeeeecancnncccnces 13 21
Clay, sandy, soft.....cceceeceecccnncccancans 25 46
Arundel clay:
(ClEy7 Mty I 8B b b o6 86 0800 66 008 5846 a0 odbda s 10 56
Sandstone. cveeveeerescscsssersossesssssnnonas 1 57
Clay, sOft.c.ieereeciecnonsencsnncensnsnnonas 9 66
SEnEE 737060 6660080606 6060800 6000 5508060006860 2 68
Clay, sandy, sOft...ccceesceerccsacenanconess 30 98
Clay, red, hard, hard drilling......c0ccvuunn 7 105
Patuxent formation:
Sand, brown....eeeeeceeeerrenceccasncecnsanes 1.5 106.5
Clay, blue, hard.....ccecericneereenceceannen 2.5 109
Sand, gray, COArS€.....cteevsenscccsnsovennns 2 111
Clay, sandy, soft.....cceceuesn R R 10 121
Clay, red, very hard....ciieviiiiiinnnnnnannns 5 126
Sand, brown, CoArse.......cceccevececcceccoes 2 128
Clay, red, very hard.....ccvvveecnneeneacncns 29 157
Sand, gray, COArS€.....ceceeeeeccesnssnnnsnns 3 160
Clay, red, very hard......ccvcveeneenrnnnnnes 9 169
Sand, gray, coarse, very sharp........cceuuue 7 176
Clay, red, hard...cccvveiicvnnnerennnccncannn 8 184
T3 a0b 0 0050 0000 GR0 00 0B S0 OB Qg 00 800 It 185
Sand, gray, coarse; gravel.......ccoveunennen 17 202
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TABLE 16—Continued

Thickness Depth
(feet) (feet)
Pre-Cambrian rocks:
Clay, blue, hard 216
Rock, honeycombed; ledge at 223 feet 203

3SIE-3
Recent deposits:
Cinder fill
Pleistocene deposits:
Sand, gray, fine
Arundel clay:
Clay, red, tough, hard drilling
Patuxent formation:

Clay,
Sand,
Clay,

3SIE-4

Recent deposits:

Pleistocene deposits:
Gravel, “river bed”
Arundel and Patuxent formations:
Clay and marls, variegated
Sandrock, red, soft, crumbling (water)

3SIE-15
Recent deposi ts:
Cinders
Pleistocene deposits:

Arundel clay:
Clay, red, hard
Clay, red

Patuxent formation:
Clay,

Sand,
Clay,
Sand,
Sand,
Clay,
Sand,
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TABLE 16—Continued

Thickness Depth
(feet) (feet)
148

179

Patuxent formation:
Sand,
Sand,
Sand,
Clay,
Sand,
Clay,
Sand,
Sand and gravel

Sand and gravel, coarse (water); hard rock at
170 feet

3S2E-1

Pleistocene (?) deposits:
Sand, yellow

Arundel clay:
Clay, light-colored
Sandstone, red
Clay, lead-colored, with nodules of carbonate

of iron

Patuxent formation:
Clay,
Sand,
Clay, light-colored
Clay, chocolate-colored
Clay,
Clay,
Clay,
Clay,
Red ochre, the lower part very hard
Sand, white

w —
NN W WO

—




326 GROUND-WATER RESOURCES OF THE BALTIMORE AREA

TABLE 16-—Continued

Thickness Depth
(feet) (feet)
3S3E-26
Wedait0 8bo 0086 800 00BB6 S8800P 0000803000 JB0 00 o 23.5 28415
Pleistocene deposits:
Mud, semiliquid.cceceeneeeenernsnnnnnnnnnnans 12 35.5
EE, 60788 0006 000 A80 66 60 5 068083080380 006 6 00 24 59.5
Sand, gray, medium; some gravel.............. 2 61.5
Sand, gray, coarse; gravel........e.cvvcenens 3 64.5
Soft stratum (sample unobtainable)........... 1.5 66
Clay, medium brown and gray; some sand....... 4.5 70.5
Sand, medium brown.......cee0eiiinannns AeleLe] 8 78.5
Sand and gravel, brown, coarse.....ccccceeeen 345 79
3S3E-27
VEEETE o 5 000600000 036008 006 Lod0008 80006400300 2585 25.5
Pleistocene deposits:
Mud, semiliquid.e...ceecsassosssssssocsesssns 10 35.5
SlES “E91Ea0 00 000000 0000000 00IBBB 0 0800000300 3545 71
Sand and gravel, brown, coarse............... NS 78.5
3S3E-28
VGRS 0000000000 08000k a8 hRS I B - A S S5 ABS 27.5
Pleistocene deposits:
Mud, semiliquid...c.cvecececceennenesnnnanens 16 43.5
Silt, S0ft...erceeiieieerennencencrnanrannans 36.5 80
Sand and gravel, brown and gray, coarse...... 2 82
Patapsco (?) formation:
Clay, sandy, fine, hard..cc.cceeececnocnccocss 3 85
3S3E-29
\ e 000000000000 MAC 00000 d doil: M 0 (6 5000 26.5 26.5
Pleistocene deposits:
Mad, semiliquid.iccccnirinerniieinenanenannnns 15 41.5
Silt, SOftieiesiessenrrennnonsossnsannnascans 39 80.5
Sand,, (LAY, COALSE. o/c .« sieesseaoae ool S 85.5
Patapsco (?) formation:
Sand, silty, COArSE...ccceeceesccccsssosnanas 4 89.5
3S3E-30
Wel8EP0 000 0b oot 00 0008880 8880000 aPEBA00 000000 26 26
Pleistocene deposits:
Mud, semiliquid..eiiviviiincinnnnnannnsnnsans 745 43.5
SIE, SOREAererersrsrerererarara s o svalators srawass & arewoTI oTs 40 83.5
Sand, gray, COarse....c.veeeesescccocessccssse S 88.5
3S3E-31
L - 36 36
Pleistocene deposits:
Mud, semiliquide...eeceoceeccoccencccnncannse 14.5 50.5
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TABLE 16—Continued
Thickness Depth
(feet) (feet)
SaVES SOIE. 1o uioic o o e lofeie o afe ol e slelo s sle oo e o lalelalotore s 30 80.5
Sand, Bray, COBISE....cceeeenrseececnrroseses 6.5 87
3S3E-32
W0 5066006000 000800 0O CEOCD 660630006 06000000 41 41
Pleistocene deposits:
Mud, semiliquide.cceeceeneierreneeecrneneenss 9.5 50.5
SALL, SOFL . cielaraiois s o oiuieis sleislele o sielols o/sisls sls sins o ole 34 84.5
Sand and gravel, gray, coarse................ 5 89.5
33E-33
WAt er. .ottt iertieenee ettt eranns 38.5 SIS
Pleistocene deposits:
Mud, semiliquid.....ccciveevinennnnnnenennnss 13 SleS
SV 7850 0608880 808 03BBA000 6603604 06 HB6G 28 79.5
Sand and gravel, silty, coarse.......eccee.. . S 84.5
3S3E-34
Recent deposits:
)] 50 0 G 0 T LY. =Sy PR 14 14
Arundel clay:
Clay, red, tough..cieeeveeiereeeeeneonneennns 19 33
Clay, drab, tough.....veeveeeeeeeeecensennnns 22 55
Clay, brown, tough............. 0000 360 0000004 9 64
Clay, red, tough...cvievveeeeeeenennecenennss 24 88
Clay, red, hard..e.eeeeeeernnenneceonnnannnns 13 101
Patuxent formation:
Clay, sandy, pink, very hard.....c.ccvvuvenenn 5 106
Sand, white, free....ececereeneeevooornnnones 19 125
Streaks of clay, red, hard....ceevevveecnnn.. 2 127
Sand, white, not free.......... 9600300000064 6 133
Sand, white, free....cecececcecceescenensnsns 13 146
Clay, red, tough...ceeeeeeneeonenonsoannannes 3 149
Clay, sandy, red.ccecceeeeveeeneennennenenns 9 158
Sand, white, free.....eeeerviieenccenncocenss 8 166
Clay, sandy, red, hard......cccvvereeecocenes 2 168
Clay, yellow, tough...e.ciieeeeceenrrosannnas 3 171
354E-1
Pleistocene and Cretaceous sediments:
Surface soil, sand and clay......ccvveeeennnn. 37 31
Rock, hard........ 0000 8bd 5’0000 0000 000 G 1 38
Clay, varicolored......ccveeeerenneoccoeecens 204 242
Sand, fine, clean (little water)............. 16 258
Trap rock, hard......eeeenveveeeensenonnnnss 2 260
Sand, fme clean (wat.er) .................... 31 291
(Not report.ed) ............................... 21 312
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TABLE 16—Continued

Thickness Depth
) (feet) {feet)
3S4E-2
Recent and Pleistocene deposits:
FR 65500000 0000 0800600000000000800630000480000 3 3
CllEH0 06 0600000 0600003060 00 000000 00060600 A602000 4 7
SETCl, TR0 006 0080600006 0008k 38000 3600 0ddo0do 11 18
Patapsco formation:
(€17, 1 BEEl5 oo 0.0 0 561006 900100 6000bC 50 66000000000 36 54
(G RS 00000088000 0000000308 6A 00 880060 036 11 65
Cleyy, * [0 66 000 0886368 SE000 000036000000 000 25 90
Shvly SHMEs 500800 86 38880060 0od0 008B88G00 06600 18 108
Arundel clay:
Clay, “buckshot”. ..i.iviiiriiiiiiiniceneennanne 84 192
Patuxent formation:
@lays Ired . SR SIS s oioei o ool sjsketele R 22 214
57, Il 0 0n 80000600 006000008880000 0 0000000 26 240
(CllEs7, 8 19T e 6 566 0 0000 8000 660B08 G0 006000660600 00 20 260
Cleg7p 1 €W 00 00 60 600 6000 00060000830000 0060000 J 6 266
Sandpand SgnavellS Nt s o se s o o ook ofslelelelel S ole 38 304
G5y, 1£&8o00000000000000000006000083B0000addodc 9 313
3S5E-11
(Not reported)..ceeeeceeescecasssscsscsnaaane 8 8
Pleistocene deposits and Patapsco formation:
SENL @iy, TENEN G 000066668 886008050 66000000 94 102
Patapsco formation:
Cilaly, 765, InaUeely 6600000000 60bPO 000000000 0060 15 117
Clay, sandy, yellow, hard.......c.c0ievcunnns 34 151
Sand and gravel, hard......ccovviiiivennnnnne, 10 161
Skl [eEity S0UNEE 0066006 0300000000 60006000000 16 177
Sand and gravel....cooveviieieenencencaneanns 4 181
Arundel clay:
SHE TR, NG J8000 08088806 8000800 000008 33006 19 200
SEmel INETTel 0 0 06 0000606000 000068d0bk 06 0 0dl 006 6 2 202
CllEsy,, | EEEh | E@tEs 6000806 08880 00306 00000600000 5 207
6 Eua Tk i 66 0 60 06 6 0 BB ORRA6 00 0 6880 64300 06000 16 223
Patuxent formation:
SEICL RINETGlo 000000 G O 388 60 AdaHBABAGE o 0o Aol 0D 10 233
ClE70/0 00 000000 0066006 650,0 0060 ad8B00A8 6666 500 5 4 237
Sand and gravel......vcevieiiiiinncnnsenanenss 21 258
(ClEW0 0060000 00000 006660000000000600000000060300 4 262
SEG| G| (el o 66666 0006000030608 00 680000030 39 301
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TABLE 16 —Continued

Thickness
(feet)
3S5E-15
Pleistocene deposits:
RV ETATII: vioks 5 loaetels SRR G TR R S oLl & BT LR E 50
ISANTGY (¢ /574 s 1515(e o19To)o 515 SToJ ST TSISTSTSTS 51510 STeRsRe) o s eTSTSIe]s 5161 o 0 20
Patapsco formation:
Clay, red.cceeeeieecnncnessssnsnsnsncsassones 38
G B G080 0000 000 B AA G OB 000K 6.0 00 NG 4
Clay, hard sand with clay....ccvvvvvinnennnns 33
Boulder. .ovvveiieenienneronerneecaseesnnonnns 1
(Not reported)..oecevececveccrsanoasonnnnsnns 11.6
Boulder. ..o ieieerirennoneaanniianannenannnes 1

......................................... 95

......................................... 42
Clay, soft, with little sand...vcvueeevacnnns 20
Clay; boulder 2 inches thick....cveevvevnnnns 6

Patuxent formation:

Sand and clay...ovieeerereererronecnconansess 4
Sand. . iiiiiitiii it retatetatesasrtrsstansens 29.5
Clay..ovveeeeeeeencecncsnsosconsssassasssnsns S8
Free with gravel....veiviiiiiecnnrenneennnens 8
Hard place (like clay).eeeeeeenreeonncnnnnons o
(Not reported)....cceeeeeceenncescasesasosnnss 48

Depth
(feet)

50
70

108
112
145
146
157.
158.
168

(o) W= ¥

210
230
236

240
269.
274.
282.8
290
338

w

[}

3S5E-22

Cretaceous sediments:
Clay, red, hard....cvvviiinnnnernnrnnennnnnss 140

Gravel (Water).....evieeceveeroccoccancncenns

140

3S5E-30

Pleistocene deposits:
(Not reported)...ceeeeereeennonncosnsnnsnnnes 15
Clay, brown and gray.....ceoeeeeesoscesscsnnen 6

Patapsco formation:

CilER7 ) 11320 0 3666606 000666006 0606 0BBE 60006600000
Clay, red, softer...cccveecnnerincrcecnecccnns
Clay, red, little sandy....oevievnnnncnnnnnns
(CIlE370 | (20 0.0 666 0066 0ol0 6 30860 HAE O BO006EO0GE Ao
Clay, gray, soft...eevieeeenecesnsnnssoncsnns
Clay, sandy, Bray...ecececoscecscescensocnans
Clley e 5870 o866 60 66 06 66 006606600 0600000800 6.00

—

B BO DD CO D BD DN NN

15
21

33
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TABLE 16 —Continued

Thickness Depth

(feet) (feet)
SEEY0 0000 000000 B8 0o 0800 R B E00008000 0000 ook 3 58
S5k 00bb 00 0a0 dRa B B e SEE Ea 08 B0 Coo Bt ooa0 o 4 62
Sand and gravel; hard crust at 72 feet....... 12 74
(G e 50058 500 BB 0 006 T A S L ER . 2 76
Clay, gray....eeveveeeeseeceseoas o LY A 21 9
Clay, red and whit€..oeeeeiueenvnnesonnnnnnes 2 99

Clay, red and white; rock 4% 1nches thick at
100 feetueiueieionneenerereneenorennsnas 2 101
Clay, sandy, white...c.vvvveeennnnn N L 4 105
Clay, white and red.....vcvvveeennrennonnss do 2 107
Sand and gravel, white.......ecivuvnennnnn.. 2 109
SANAL L 0111010 e areel e orere®ielmiore o wrmra'e o o/eTel e bis slale 2 2ele 6 115
Sand, White..iuieuereneeneeneneoneonsronnsans 7 122
Sand, white; clay streaks......eeeeeeeennnses 4 126
Sand, White,.uivieerennneoeonenoenonnnnnnsans 6 132
Sand, COArSE....veeeeeeevnnensonsensonsnsnnnn 6 138
Sand, brown and white, COArS€....eeeeeeeacnss 4 142
Gravel....iiveeiiiiiiieieenenensosonnsnnnonns 5 147
Arundel clay

58556000 6600000006000 600080 066300 060088 60 0a0 o2 147.2
(NOt reported).iiveeeseeeeeenennccnoneensesss .8 148
Clay, red...ceeeeeeeeeeeenessnssesencesoosnnes 27 175
Clay, light brown, softer........ ®oo0c0000000 2 177
Clay, gray....... 9000000000000000008050800000 2 179
Clay, dark gray....eeeeeeeeeeeeeecsonnnns 2 181
Clay, dark gray, tough.....eovevernnrennneeonns 2 183
Clay, Bray..ceeeeeeeeeunsanennreennsoaanceoes 11 194
Clay, Brown..ueeeeeeeeeecoooacsoooonencsansss 2 1%
Clay, dark Gray....eeeeueeeeneveecerosnnsenns 2 198
Clay, redeieeeeeueereeeeneeeseonnosoncenaones 4 202
Clay, Bray.ieeceeeeececesoenenennos 0000000000 6 208
Clay, VEry Fediuiieeseeeeenerereenncensnannss 6 214

Patuxent formation

SE65000 0000000 8000d006000000008500060 000600 2 216
Sand, free in places......veeeeeerrceeonnnnns 2 218
Boulder (below red sandy clay)e..eeeeeeesness 2 220
Clay, sandy, Brown.......ceeeeeeeeeseesencnes 4 224
Clay, sandy, BTay....cc.veeeeerenecenseosonnss 2 226
Clay, sandy, white...eceeviuoeserenrnnnneenns 11 237
Q8700000006000 360066 0000080 00B0oRb00lb o ao8h 4 241
S1G1 0600000800 0880080000 0IABIBANG 660000 dEEE 2 243
Sand and gravel.....veeeienernennriennnnsons 4 247
GRAY VLT EEY. P e o oo oo e torersteral o frslolels 0000000000 2 249
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TABLE 16—Continued
Thickness Depth
(feet) (feet)
Sand and gravel.......iiiiiiiiiiieennennnnnn. 2 251
Sand and gravel; streak of clay.............. 2 253
Sand and gravel; hard place at 264 feet...... 12 265
Gravel; streaks of clay....cccoviiivnnnnnnnn. 6 271
Clay, sandy, white....ccoveeiniiiinnnnennnns 3} 274
Clay, sandy, pink and white.................. 2 276
Clay, sandy, white (tight)....ccvviiiernenn.. 2 278
Sand and gravel; clay streaks................ 1 279
Sand and gravel, free.....c.ccviviviieninnnnn 1 280
Sand, free...c..ciiiuiiiiiiiieiieiiieieniennns 4 284
SETl0 060000 00066600060 5500000006 86856500000000 2 286
Sand; clay StreakS........oeeeeeeeeecnoennens 2 288
S0 000050060060000000006050060000000006006C 2 290
SaNd, COATSE.tvttnnnenennresereenecsncensanns 4 294
Sand, white, free....ivieeriienennenccnnnnnns 2 296
Sand; clay streak...eeeeeeneeeeneeoeeneennnns 2 298
SEEIA86 000 0600080006000090 0000600000 000080004 1 299
Sand, coarse, free......ccceeeveveeeencenanns 1 300
Clay, Sandy.e.eeeueeeeeeseeenesseaceceasanans 1 301
Sand, coarse, free......veeeieieenninniananns 1 302
Sand and gravel, very free; clay streak...... 2 304
Gravel, free; sandy clay streaks............. 2 306
Gravel, free......oeeieeiiieeneecnnneoanannns 2 308
Sand and gravel; clay streaks................ 2 310
Clay, sandy.....cvevieiieneeennennronncannenns 4 314
CLAVALY: ot tele oo Tl e leetete o ol loralororett Aerer i ere o 1 315
Gravel. . ..iiiiiiiiiiiiiiiiiiiiiiiiiennennns. 1 316
Sand and gravel, red, free.........ccvvvuuun. 5 321
Sand, red, coarse, free; clay streaks........ 4 325
Sand, free; clay..iieeeiieeniineensnenannnns 2 327
Clay, pink and white.....cceveieenenernansnes 2 329
Clay, sandy, White.....ceeeeeeevennnoncecannn 4 333
Clay, gray; wood....ceveeeeneeeenneenennness 8 341
Clay, light gray....ieeceveeeeeneennnnnnnnnns 2 343
Clay, white and pink......cceeevennneennnnnnn 4 347
Q&N 00 0888660006 66830006 0600090606000 0600000 2 349
Sand and gravel, free......cc.ceveeeneinnnnns 2 351
Sand, coarse, free.....coiecioeeeeeenennaennn 4 355
Clay, light; gravel....coviverennnennennnnnns 2 357
Clay, white, hard......cciiiiiinniniiieannnn. 2 359
Clay, white..eueeeueenenoeenneennnnnennnnnnns 2 361
Clay and gravel....covuieiiiieiinennnnnnnnnns. 3 364
Gravel s8N . Nl L. . M 2 366
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TABLE 16-—Continued

Gravel
Gravel

Clay,

Thickness Depth
(feet)

and some clay 368
390

391

white, hard 392

Clay, white 394

3S5E-31

Pleistocene deposits:
Sand and gravel
Mud, blue
Sand and gravel

Patapsco formation:

Clay,
Clay,
Clay,
Clay,
Clay,
Clay,
Clay,
Clay,
Arundel
Clay,
Clay,
Clay,
Clay,

white; sand and gravel
red; sand and gravel
clay:

sandy, red
very hard

Patuxent formation:
Sand and gravel; streaks of clay
Sand and gravel (water)

Clay,
Ciay,
Clay,
Clay,
Clay,
Clay,
Clay,
Clay,

blue; sandy streaks; little gravel.....
sandy, white
sandy, white; same gravel

Sand and gravel (water)
Gravel; clay, colored

Pre-Cambrian rocks:
Granite

432E-2

Recent deposits:
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TABLE 16 —Continued

Thickness Depth
{ feet) (feet)
Pleistocene deposits:
Sand and gravel........ceoeeenereercncnccnsss 32 40
Arundel clay:
Clay, dark....coeveecscecccasossncscsssnsosns 5 45
@&y, ES 560000000 000005060000000000 000000660 45 90
Rock and clay.....eeccesescoocecasssonanansss .8 90.8
Patuxent formation:
Sand, fine; clay...iocciiieerroneeneecanonsns 21.2 112
ROCK. s s eeeeoeacsoonsnonscseassossscsnsonsonssns o) 112.3
Clay, brown; sand, fine; mixed with thin rock 0 138
Gemdly e @let?5 0000000000006 000000000000000 38 176
Sand and clay (water).....ceeeveeececrsossres 14 190
Sand (water); clay, hard packed, with thin
layers of sandstone......oeeeeeeeoconsassss 20 210
Sand, fine; thin layers of blue marl......... 20 230
Sandstone, hard layer (water)........eeeeeenn .3 230.3
Sand, coarse, with layers of sandstone about
every 3 feet...iuvieeierrocrecnnernnncannss 21.7 259
Sand and clay; gravel, coarse..........cco00s 10 262
SEnClo 00 0a0006000806000660000600000 60D 5000060000 4 266
Clay; rock at 293 feet......coevvoneecccceens 21 293
4S3E-3
Recent deposits:
Fill, brick, €tC.ciccveserreecreccnnessnnanss 8 8
Pleistocene deposits and Patapsco formation:
Sand, fine, SOft...c.eeeerececcencoroossssons 20 28
Mid, blue..eveeeeurosencrosecsooonsconsssnses 85 113
S 10 2 115
Arundel clay:
Clay, blue and red, hard....cvvveeiiinnnnnne. 8 123
Clay, red, hard; few streaks of rock......... 5% 175

Patuxent formation:
Clay, blue, s0ft...eceeeeveceeocscsnnccnssnns 39 241
Clay, red and blue...oveeeeneneernnnneeennnns 51 292
Sand (water); little clay in the first 5 feet 33 325

.........................................
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TABLE 16 —Continued

Thickness Depth
(feet) (feet)
4S3E-4
Pleistocene deposits and Patapsco formation:
S0 666000 80008008066 556060 8000 SOROB 000 8O0 30 30
Clay, blue...eueeeeeeeniieienreneaennnnnnnns 8 38
Sand and gravel......cueeveiiereeevanennnennns 24 62
Mud, blue..ooieainnennreinrneronnnnnnennnnn, 12 74
(Erevielles o 00000000 A00086d0800dd00 08008 08 e L ae 10 84
Clay, blue.iuieeeveeueeieneeennnrnenennnnnns 11 95
Arundel clay:
Clay, Tedeveeeeeneeneneeeroneeeanennneonnnan, 80 175
Patuxent formation:
Clay, sandy.eeueeeeeeneeeeeeesoensnnennennnns 9 184
Clay, white; sand........evveveenennnnennnnss 10 194
Sand (WATET) .. uueeeevenerennenneennoasnnnnnn 2 221
Sand, some coarser than above (water)........ 12 233
Clay, red, very hard......ocvvvvurnnnnnnnnnn. 1 234
4S3E-10
WEHETPS 00 00000 00000000 600600 00066000 508064 580 oS SH5
Recent deposits;
[Pl 565 06600 56002000006 6508080 08085668 08 booee 12 15.5
Pleistocene deposits:
Sand, gray, coarse; gravel................... S 20.5
4S3E-11
Water........ 50000060000000 00 0000600066000 060 22 22
Pleistocene deposits
Mud, s0ft; sandic..eeeeieeeeeeeeoooeocosnnenn (85 29.5
Sand, brown and gray, fine; some clay......., 2 31.5
Sand and gravel, brown and gray, coarse...... 4 3585
Clay, brown and gray, soft........eeeeueenn.. IS 37
Peat, sandy, soft; mica.......eeeevevenurnnn. o) 40.5
Sand, brown and gray, fine; clay and mica.... 6 46.5
Peat, sandy; mic@.eeeeeeeeeeesnoneeconnnnnnns 2 48.5
Sand, gray, fine; mica........ceeveeenennsnn. 3 51.5
4S3E-12
@ R0000 05600 06000000000 6886 BT OBOT 80000008 e 23 23
Pleistocene deposits:
Mud, semiliquide..ceeueeenenrneennreeennnnnns 17.5 40.5
Silt, SOftueeeteenueeneeeronnennnnennnannnnns 29 69.5
7 16.5
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TABLE 16 —Continued

Thickness Depth
(feet) (feet)
4S3E-13
215560 000 0 0 40500 000 JIBLIB A0 BOB OB 0 0000 OBk 25 25
Pleistocene deposits:
Silt, semiliquid...ccviieeneeiinnennnnnnennes 1ISEIS! 40.5
Silt, SOftieieieiecineeneeeeeeennsessenennnen 35 {545
Sand and gravel, gray, coarse.........eeo..... 4 795
Sand and gravel, brown, coarse.......oeeeoe.. 1 80.5
433E-14
WaEElo 00000000 0000d80686000%H0 000600000 6000000 38.5 38.5
Pleistocene deposits:
Mud, semiliquid.e.civeveeennenennsenonsnens oo 10 48.5
S11t, SOftieecieeienceeiennerensreennnencnens 28 76.5
Sand, brown and gray, fine; same clay........ 3 79.5
Shale, brown....c.ceeeeeeeeeececronseonnneoses 2 8l.5
5S2E-2
Pleistocene and Cretaceous sediments:
(Not Teported)...ceeeeeeoeeeceeonenassoeacanns 103 103
Cretaceous sediments:
Clay, red...cveiiceccrnececeenecraccnscennnns 10 113
Clay, sandy, white...ieveesoesoonaceesencsans 41 154
Clay, white, hard......covoeeeenenncennnnnones 14.5 168.5
Clay, white, SOftuieeeeeeecenerennnnnrennnennn 15 183.5
Sand and gravel, free.......ceeeveeeeeennnnss 15 185
(Not reported)....ceeceeecescsocesncensnancsns N5 185.5
Clay, sandy, white€..eseceseecooocoonnonannnns 9.5 195
Clay, red and white...ouvereeenenenononnnonns 2 197
1 2 199
Sand, brown; gravel, fine.......ceesseeeneess 24 223
Clay, sandy, white; gravel....e.veeeccecncases 6 229
Clay, red and white....veeeeeeneerrnnnonnnnss 9 238
Sand; gravel, fine.....cceveveeernececocconees 12 250
SX00900 00,0060 COTE Jo A S R 2 252
Clay, sandy, white..cicveernrveonnnocnannsons 7 269
(O1Fa Y T ey s eIoTE)T - oo = e le wte | ofsle o olelo| Foiolo/oid oloiesold 8 217
Clay, gray..cececeeseeececenoceerecnosesennes 6 283
Clay, red..cccveiiiiiinnseceeceeeoencnonnnnes 115 298
Clay, Bray...c.veceeceecnncoeceeceacoosennnns 4 302
Clay, red.ciceceeeiierennrnneeeencecssnconnss 4 306
Clay, Whiteiuiueeeeeeoeeoneessoennsasaosonssas 4 310
Clay, Bray..eeeceeeeeeeeenseeseonsnssonencens 10 320
S AR e TYeTo1=) - FIoToto)« 2 BTl o1 o oio o ol oo a s e ool ols eksl e olololele o 1 321
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TABLE 16—Continued

Thickness
(feet)

Gravel, free 4
Gravel, light 2

Depth
(feet)
325
321

5S52E-8

Pleistocene deposits:

Patapsco formation:
Clay, white, tough
Sand and gravel, coarse
Sand and clay, white, mixed
Sand, coarse, white on top, pink on bottom...

5S2E-13
Pleistocene deposits:
Clay, yellow, dry
Sand, yellow, dry
Sand, yellow, coarse
Patapsco formation:

Clay, white, dry

5S2E-14
Pleistocene deposits:
Clay, yellow
Sand, brown and yellow; coarse sand and gravel
at 36 feet

5S2E-20
Pleistocene deposits:
Mud, gray; wood
Gravel and clay; iron ore streaks
Patapsco formation:
Clay, white, streak brown
Clay, white, hard
Clay, white
Clay, sandy, white and pink
Gravel, free

Sand,

(%3]
3]

e N IR RO C RN
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TABLE 16—Continued

Thickness Depth

(feet) (feet)
Clay, white and pink....coiveevnnennnaaaannss 5 99
Clay, White..iiiiiuieeoeenaseaonsonasanasansas 2 101
Clay, vwhite and red..ccevececeeeascancecnases 2 103
Clles e - B IE80 000 50000 cau e a0 oeBe 000 ok a0 4 107
Clay, white and pinK...oieeevuersencanaansass 4 111
Clay, brown and pink......cccvvveveevnnnnnne. 2 113

Patuxent formation:

(CYan 86 6.6 00 66 006 00 6 568606 0606 6656 60 0000 00 6000 2 115
Sand, free...ciieeeeeeeeeeieeeeececeeraceannas 5 120
Sand, White€..ceueeeeceeeuocaceonacaacasacanns 9 129
Clay, sandy, While€...ce.ceeceeresneanasanasnnns 6 135
Sand, white....iceeiiiiienennnencnencannanns 4 139
Clay, white..oocuerrreiiiiiiiiennennnnnananss 2 141
SETCIHEBBE OBE 00 00 608 00adi 6 dlo 0060 BP0 ooloo 000 6 1 142
Clay, sandy, white€...ccieeeeennennanaanasnans 3 145
Sandy WAL/ (orevrere « foleTeTenateTslsTeTelare STos[FFeTe 4] = ofeTeTaers 4 149
Sand, COArSe...cceeeececccecccncansvsasansnns 2 151
CllayMEwhiites. 5.0 N S0P B Y Y e 6 157
Clay, sandy, white.....ciuvernavescnnnacncnas 2 159
SEmGe N BESEEEE S8 5 6000 00000 06000 6 00Nk 000 a00aH 2 161
GlaYZR. . oo o LIV ror 0 FTTTTe B P et Ys oiolaerel o o 2 163
SET6EA 6000 600 Aol ARG 3R 56 06 66 50 6.6 0l Ul 0 00 N 2 165
Clay, sandy, white....iceeeeerencnnnaasaannnn 3 168
CUES75 $iM e 0 000 9000 000000080050 600 0650008000 1 169
Srtne BB 0a00080 TORE R TG0 0 06000 Aol 00006 6 0ol 2 171
(CIENY I WA SRR R.A000 0.0 0.0 00 00030 0.0 SRAAD 3 174
CllE3y L 2l o0 888800020 0aaBBba 6000000 8a00000000 4 178
Clay, sandy..coceceereasnsanesassosssseaannas 4 182
Sand™ 8. T PP B - Aierle TR AL - 2 184
Clay, sandy, brown and white......coovvenne.. 2 186
S AN AR Tt BT S « T & o5 R e LRl e e LT feTeloTe « « 1 187
Clay, white..ieeeeeieeeenseanaaaanneanansaanns 8 195
Clay, sandy, white.....veeeiinennnnncerancnns 8 203
Sindl g0 86000000008 ABABE 800 5880000000 8060 04000 q 210
Clay, Sandy....eeceeeeecveccecossocososaansas 11 221
Gravel, free; sand, coarse.....cccceeeeceeese 2 223
Sand and gravel......ciiiiiiiiiiiiiiinienanns 9 232
Gravel...iiiiiiiiiinieieeenieseenosnnnannnnas 2 234
Cllen7560606 060000008 040000 0000 0350000000 0Mbo0g 2 236
San(d TandClayA oL ue fenels ols|oTele one =Tels SF el olakarsTols sl ofe] = 4 240
Clay and gravel....ooiiiiiinnnnenncennnnnnnes & 242
Sand, fIne....c.ceeeeeeeeececeecesecaccaccnnns 2 244
(Cl LT N ET: o oy R R B S A B0 & & BB BAR 2 246
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TABLE 16—Continued

Thickness Depth
(feet) (feet)
Sand, red..eoieiiiiiiiieiieeieninsenonnnenons 10 256
Sand and gravel, red......cooeeeeeieecnncensss 4 260
Sand, red.cieeeiiieeeieiiieiiiieertittnccnees 2 262
SEmel55 20000 00 660 0jp6 600 B0 AB000OIBEIB06 0000060 3 2 264
Clay, Bray.....ieeeeeeieeceneenecoeeecnnscons 2 266
Clay, red, hard.....ccvieeeeiinnneneennnnnnes 4 210
Sand and gravel.....cicceeieiieeninenonnonons 6 276
Sand and gravel, free.........cevviuvenennnn. 1 211
Sand, clay, and gravel.....ccoveeeeenecacnnns 4 281
Sand and clay...ieeeeeneennrereceeenacncennns 2 283
Clay, Bray...ciccieeeerscesnceesossoccnansons 2 285
Clay, sandy, Bray....e.cceeeeeeseneesssnnnsons 2 287
Clay, sandy...eeeeeeeeeeeenenennnoesosnsnnnes 8 295
Q75 600066600060006 5585008000000 B TOOE00 A6 2 297
Clay, pInKe.uueeereneeeeeeeeconsneessocccnnes 2 299
Clay, Bray.ieccceeeeeeceseeeeceeeeseesnnnenns 1 300
5S3E-2
Pleistocene deposits:
(Not reported)....eeeerveeerieeenerenceoesnns 16 16
Sand, yellow and gray......eeeeveveeecccnnnss 19 35
Gravel, 1arge....cceeceeceeeensnrononnnennnns 5 40
Patapsco formation:
Sand, White...ueieeeieeeeoennereeeoenneanneess 14 54
Clay, white, tough, streaked with sand....... 6 60
Sand, white, free......c.veeeevescecceeennens 6 66
Clay, sandy, White.....ceeeececesenscncansass 10.9 76.9
Sand, white, free......ivvvevieeeeeesnonnsnss 3.1 80
Arundel clay:
Hard place....coveiiieeinrcnneneennenenennnns 77.5 157.5
Patuxent formation:
S AN eI Te e geio T o o o atolofTo o ojo oterers) o sloreTete| srolole o [ote oLt 24.5 182
Crust; then free sand, some coarse ........... 31 213
Clay, sandy...e.vieeeeeneeenrennesononsasnnne 3 216
Clay, white, hard......cvveeeernnereecncennes 2 218
Sand, white, free.....cevivvinrennnnencnnnnss 6 224
Clay, sandy....ccvieiiieeneenenenenoenonnnnan 2 226
Clay, hard.ccueeeieieeunnnenoonnnnnnoceeneans 1 227
Clay. e iiiiieeeeeeeeeenenesesessnanannannnns 15 242
Sand with some very coarse gravel............ 1 243
(CUER70 co0 00060 8 60688 00006000 J0B08 6 0a8b JaEEaE o 6 249
Gravel, fre€...iieeeeeeeeeeereneenecncnnnnnns 9 258
Clay, white, hard....cceiieieenirnenreennnens 3 261
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TABLE 16--Continued

Thickness Dep th
(feet) (feet)
269.7
271
276
306

5S3E-12
Pleistocene deposits

Sandy, free; hard sand at 94,7 feet
Sand, free

Sandy, free in places
Hard place

Sandy, not free
Itarder

Sand and gravel
Iron ore, hard
Sand and gravel
Iron ore, hard
Sand,
Clay,
Clay,
Clay,

Pre-Cambrian rocks:
Clay in streaks; bedrock at 361 feet
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TABLE 16—Continued

5S3E-17
Pleistoc
Clay,
Mud, b

ene deposits:
yellow, S0ft...ieieeennenennennsnnnnnne
lack, 50ft...eeuerenerieiinnennnnnnnnn

Sand, white, soft.....ccciiiieiiinncnecenenns

Clay,
Gravel
Patapsco
Clay,
Clay,
Gravel
Sand,
Clay,
Clay,
Sand,
Clay,
Sandy,
Clay,

sandy, white, soft.....ccciiiieeninnnnn.
, White, SOft..c.iueeeeeeeececocecanonas
formation:
reddish, soft....ceveevenrecennennnenns
sandy, white, soft......ccevvivecnnnens
D IAEE ™ [SOTEEI]« o olore/els 1ol 8 1o btorersiore) sioron ToleRs
white, SOft...c.iveicenenneeeneeennnnans
red-white, hard......coveveviennnnenens
sandy, with iron ore, hard and soft....
coarse, with iron ore, soft............
white, hard......cciiiiiniiennneennnns
red, free.veeieeeneenereeeennecennnnas
vhite, hard.....cvivivieevnnenronoonnns

Sand and clay, white, free.......ccvvvuueenn.

Sand,
Sandst
Arundel
Clay,
Clay,
Clay,
Boul de
Clay,

white, free..c.cceeienneeeecreneennannns
one, white, hard.......c.ceivviveeennnns
clay:

drab, tough..iciviiiiiiiiiiiiieniananns
drab, hard......ciiiiiiiiiiininnecnnnns
drab, soft...eeuiiiiiiiiiiiiiiinnnennn,s
F, HAKd: . . emmmormsmmmss « o o st o v sreemems orems
Glisaloyl SE¥EL6 00000 OBa0 Gao 0008003008000 0003

Boulder, hard. .....cviviienninnneeeenannnnnns

Clay,
Patuxent

Sand,
Clay,
Sand,
Clay,
Clay,
Gravel
Gravel
Pre-Camb
Clay,

drab, soft and hard......covvueeeennn..
formation:

drab, soft....eciiiiiiiiieeeeinnnennnes

sandy, white, SOft.....ccveveeeenenoens

red, free...cciiiiiceieineeencsceneencens

sandy, white, soft...cieiiveenvennenees

sandy, white, soft.....ceevicnacnnnann,
, white, S0ft..cuieeeiieencnceevennnanns
rian rocks:

yellow, soft; rock at 391.6 feet.......

Thickness
( feet)

15

13

10
14

)
CO LT~ LW LW (OO

NS}
Q= WO N O
N N w

20.9
17

20
17

14
25
35

14

Depth
(feet)

15

35
45
59

63

67

90
102
107
110
115
119
123
128
135
140
148

168
170
179.

186.
187.
208

—_— 0 W W

225
228
248
265
293
307
332
367
373
387

391.6
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TABLE 16 —Continued

Thickness Depth
(feet) (feet)
5S3E-21
Pleistocene deposits and Patapsco formation:
(ClEv7n N IlTES  Bdo g0 00 6 6 0BEEAd0 888000000 850008 O 6.2 6.2
SENGL6EB 6l 5606060 000 6833 A00 00 00 00d300 00000 TS 15.8 22
E3ER7Il6 000 600000000 00 g 0 60T 5 3HG ©000TEE0 500 3 11 33
Gllay ‘and [gravell.l. . i cie v cicie alar alela sio s stelstote stoisle sTe 10 43
Sand and gravel......cceveeceececccnscnanaaes 42 85
Qe 06000009000000000000060000000006 68000003 5 90
Sand and gravel......ccceeeieiiiiienococcnnnns 8 98
CllEl 006000 00000000 000000600000600006000030000 4 102
(CllEh75 Ex: 13575 600 500 000 00 66000 00 00006 6636060080 0 49 151
Arundel and Patuxent formations:
CheR7; Waeh 56 00534 8006 060006000360 60466060000 A B 188
Clat, EZ6Y0 000006606 000086000660 000 I0 0300003 2 215
1Bl @55 06 56 6 066 00 0B 060 B8 BBEBBECB6 JBOG0 4000 1 216
Clle}7 0 000 0000 0000000060 IBBE 00886 00 0 000 906 GO 27.6 243.6
125l okaiss 0056 oo 86 086 0 608 0 0080000280608 00 6000 o8] 243.9
Cles70kbb 0 00 006 06 980000 6 40 8E03d000 060 000220000 35.1 280
B EULE L SRR T, S SRS B A 00 OO Ea000000 80080 oll 280.7
(Qlet75 600000 60060000006 00006000530000000060000 1.8 282.5
Clles7, EEmEYo0000 ddao 00 ddobo0 800000060000 0000 7 289.5
Gles%h 10 0 000 HEAH o BAABE0 00 0 80 000 08B0 00 0RO o) 290
SETEY600050 0 0ddOBHA 00008080 006 690 CA0 000300000 28 318
(39500 ABB60 56 6 0 BBBBAAE 5656 866600000 030003003 3 321
IBlCIE5ed 666 0 3060 66POR 66506000 8000000300 A0 GA0 T ol 321.2
(ClEY60000 600 o Mot JEOEARERE JBEY- © 0 0 000000 IO 32.8 354
Clley, EEH 0 86000 6 0000 A0 6 00603000 0CAA0OOs 22 376
Sand and gravel....occvieieencccecnrocscecnnens 17 393
Pre-Cambrian rocks:
1BiE58@ER0 66 a0 060 00000 0 60BE ABBB66 66 COS HO0QIB0S 3 396
5S3E-32
Pleistocene deposits and Patapsco formation:
SETEE 6 0 AL SORS. B 6 60 500 0od o0 o FETER 16 16
(et I0TE5 5 5 9800 A8 0 BE.00 6 G0 80086000000 5803000 47 63
Cre7Ellon 0000 o dBEER o oaaBBHEb Goc.0 0G0 00 AdBO RO, 34 97
Arundel clay:
CllE7y 10 eh ) 1GER6 b6 38006 8880868 00 000 080 0 08000 36.8 133.8
Iron ore, hard....eeieereeeeeeececeececeannns 2 134
Clay, red and brown...iccieeceeeeesecenacsens 4.9 138.9
e D EEE0 00 00 0866006000 0006000 000000000 6AAa o) 139.2
GUAVA. o leleolsle B oFole TeToXelorsreTols oI NRSIToTo o s T [oTsTexoNeTs Vo 8.2 142.4
BERCIRIE TS0 0 db oG cho 06 6 6.0 0o dBolBt 6 06 A6 oBG 2 142.6
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TABLE 16—Continued
Thickness Depth
(feet) (feet)
Q506000000 6060600000 08688048 So8 BaBE 60 BB go - 3.5 146.1
Iron ore. ciiiiiiieiiieiiiiieientnennnnnnnns .2 146.3
Clay..... 000 00060000000668600003508886080 6000 4.8 151.1
Iron ore, hard.cu.veieieiviiinnnnneennennnnns 3 151.4
Q878 00 60000 5000 0068008880 096 5660088 56 ba 0k 17.6 169
Patuxent formation:
Sand and Wo0d. st iiiiiei ittt ieeeeenneenns 1 170
LEREh 00600 06068560880000 80888806800 5088 adhose .5 170.5
SEV 3000 000000 6000008 00 B00ABE 880 oot JH e S Bo . 3} 173.5
Iron ore, hard.....cviiiiinennnnienennnnenns, 2445 176
S0 5050000 000000000686608b00A00E0a0a0do000 e 2 178
1578k 000 0400 0680000 080000 05608 8BOBE030008 60k 2 180
b 0660 000060 006050800 606 ATBEABOO ARG 5060 oo il 187
Clay, red and pinke..veveeeiuesvoneennsnennns 10 197
Sand, free; hard places.....veeeeeereensnnns, 26 223
Clay, red.ceiiiieeeuiennreneseeennneenronnnen 12 235
Sand; hard places......eeeeeeveseenenvenrnns. 49 284
Clay, hard..... £00000000080006000808648060 000 32 316
(Not reported).e.eeeieenreeeeerenesnnnnnnnen. 36 852
5S3E-33
Pleistocene deposits:
855765660 0060065680000 00060 0006 IBIBABAL 603 a 00 E 15 )15
Clay, blueii.iuiiieiiireieninnnrnnnennennanonn 50 65
Sand and gravel (little brackish water)...... 4 69
Clay, black.ieiveeieeeieenoonnnonneonneeonnns 12 81
Patapsco formation:
Clay, red........ 00009 0000000000606BB600 00000 5 86
Sand (little brackish water)......oeveuenee.. 13 99
Arundel clay:
Clay, red.iieiveeeenieeiinenenensenneennenens 8 107
Clay, Bray.u..veeeceeeeesoensonesoncecnnennns 40.9 147.9
LG9 (53 805000096 0088 000000 60 88080000080 BhaE 2 149.9
Patuxent formation:
Sand and gravel (Water).......eeeeveevesensss 38.8 188.7
Elle570000000006860 000860660 366060086 806688 Sand 14.1 202.8
AR 96 00000086660 0080006 00006 A6A6RAAAS A0 E Be 4.2 207
Sand (Water)...eueeeeeerseeeneenneonnonnnnnns 59 266
Sand, Yellow.....uiieeereueeeernreneneeannnns 20.3 286.3
105990 GI5Eh 000 d806 00 600008000 50 0 58660880060 5 e ot ol 287
Clay, white...ivieveeeerueuernsnnnernnnnnenns 15.8 302.8
Clay, Fediiiuueeeiieiierenneonneonrennsennns 10 312.8
Clay, Sandy....oviveeereooeseoecensoencsnnnns 13.8 326.6
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TABLE 16—Continued

34

3

Thickness Depth
( feet) (feet)
GRave 1090, Y B o rc e Tt A Lor BT e e AP rvrar: 2.4 329
@ll23000 5 0806060069866 0 00 BETIBE' 00 b 00008 o a0 b Uk 5 334
Gravel....ceeieeeeeeeeereeoesecencesnnoancnns 21 355
5S3E-35
Pleistocene deposits and Patapsco formation:
Gravel..iuueeiiiuiieeeeceeroneecnnnoonnnennns 62.3 62.3
Clay, in Streaks.....eeeeeeeecoececacaconnnes SN 96
Clay, sandy...ceeveeeeeeenereenoessnscennnsan 1 97
Arundel clay:
Clay, red and blue.....c.iveneeeenecnconennss 4.8 141.8
(Not reported)...ceeeenereeeeieenceeensnsoans 8.2 150
Boulder... .o iiiernnneeeennnenneeeneenennnnes .2 150.2
(Not reported) .. oeeeeeeeeeeoeeeennnennsonnns 14.8 165
Hlard place....iveeeeeeinneeeeueeneoennnnnnns o2 165.2
Patuxent formation:
Sandy and WoOd. . .e.ueetiieinetenitecnenennnnn 8.8 174
[iE2€b 06006 4060000085 00066 I8 B0 00Be 300 JaaE Hor .6 174.6
(Not reported)...ceeveecenenennrnnenenncnnes, 3 177.6
Boulder. oiiuiiiiieiiinieeiieiiinnnennennanns 33 177.9
SR TeleLo e S o f L E e T e e T -« 24.1 202
BBOUINA T, rare oo /oo 0% « o o 15Te oo st <felelelelolo) ol leTefe sTeTele ole o o .3 202.3
(El £57588886 0.0 48 0 SBEBEEBEB 88000 Gu 00088 080 0 a0 6.7 209
T e - .3 209.3
SENAYLL0 o ole eioiciealaraials olas a/ols olole s'e ololoforolelsfole ole otore 18.5 227.8
Clay, hard.....c.iiiiiiiernnenenncenneceonnnn 2385 251.3
Hard place....c.ceeeeeennnn.. :38 008 200000 o B8 52 251.5
Sand and gravel......cccviiiinnrinninnnnnnns 20.5 202
Clay and 170N OT€..cieeeeeennenennncenennonns 185 AU S
Clay, hard. scoeeeeeneennneeeeeeennneennnnans 385 306
S {0000 5 G G o S 8 314
Gravel. .. coiiiiiieieneeeeieennneeseaecannnnae 29.8 343.8
Pre-Cambrian rocks:
IR3EE5060500 000000000 003808650 00BHA000 880 8000 .8 344.6
5S3E-36
Pleistocene deposits:
750 08030 00 b oH 8 SRR o AEAREE It IR e 45 45
GRAVENll. eeis < ieskels s o1sTs o o/e a[a]s]o o /ofo o eloTe Slelolote o oTe ool o 8 48
Patapsco formation:
Clay, Sandy.eeceeeeeeeeeennceeeeessesscaonnss 21 69
Sand, free..ccueeeeeeieeeneeecencanceocccanns 15 84
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TABLE 16 —Continued

Thi ckness Depth
(feet) (feet)
Arundel clay:
(Clev7 Y s dB 0060880 0800030 000N 0 00 o dokE0 00300 58 142
Patuxent formation:
SETNC 75 660000 Goo SUBEED SH0B R0 dE30 000000000 5.4 147.4
Granite, hard; clay at 148.8 feet........c.... 1.4 148.8
(Not reported).scciviivenesscsanenasanncnnons 41.2 190
@leszy (ZelB10 600 0600000 000 900 SOHBOH0 00 0E00 CO0G 12 202
Sand and gravel......cveveinnnrnononsscnnnnes 14 216
Clay, tough..coeeeeeeeesseoessosonssoosnnnnns 34.8 250.8
0k 6600 006 00000086 bE500B6 0060600 00050000000 1 251.8
Sand and gravel......cciiviiieninnnernncnnns 4 255.8
Sand; some clay streaks........eceeeecennnnns 4 259.8
Clay streaks; some sand and gravel........... 9.2 269
(Not reported). .cceeeeecnncencnnnsasanncsnnns 21 290
Sandy; hard at 297.5 feet...vivivinnnnnnnnnns N0 297.5
SERAL « oo ee e/elelelelalelalalalslolale/slsla s ss saesin & Se)e olelelslele 5 302.5
Sandy...iiiiiiiiiiiitiititttietaatsstansaoes 12.5 315
HERdNDLA e opeTaels STt rrerors s forererslefess o < o sTetelatare) ol atere ) 315.5
Sand and gravel, free in places......cvuunnn. 12.5 328
Clay, sandy...ceeeeeieeesncsssssnssnesassnnns 6 334
Sandy, almost free......eeeeceeennnscsnnnnnns 3 337
Pre-Cambrian rocks:
Clay; rock at 344 feet...vvevvrerrennnennnnns 7 344
5S3E-45
Pleistocene deposits:
(Not reported)..ceeeesocecceccssoosooncnsnnss 26 26
Gravel, coarse.....c.ceceeeesesecccscassanssns 4 30
@llays, blue s oo o e e e« R el 20 50
Patapsco formation:
SREE 06600006000 000000866886 00 d30606030050800 20 70
AV - Lol sCERET EREl B -« « 3o o SRR R 22 92
Sand (Water)...eeeeereeeseeseaccenncassonnsen 24 116
Arundel clay:
Clay, sandy; iron strata....cecececececcssscs 24 140
Clay, red, hard..coiciiiiiiiiiiiiiiiiinnnenans 10 150

Patuxent formation:
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TABLE 16 —Continued

Clay, white

Sand and gravel, coarse (water)

Thickness
(feet)
14
11

4
30
41
12

9

5
25

Depth
(feet)
244
255!
259
289
330
342
351
356
381

5S3E-46

Pleistocene deposits:
Clay, sandy, brown
Clay, brown, tough
Clay, blue
Sand and gravel

Patapsco formation:
Clay, red and white
Clay,
Clay,
Clay,
Clay,
Clay,

Gravel

Clay, white

Clay, sandy (last 6 inches hard)

Clay, sandy
Sand and gravel

—

8
3
8
2
2
5
i
2
8
1
I
05

5
5

—
T

w

p—
v

—t

L

[N~}
N O O =~

w
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TABLE 16 —Continued

Thickness Depth
(feet) (feet)
G E006008 600 0 BB & 0 G IR b o o0 s oo 6 199
Clay streaks.......... 9000000065 8300000068 000 2 201
Sand and gravel......ceeiieirrennenninennnne 7 208
Sand, SOME COATSE.......evsvsececnsooeasssenns 5.5 2345
Clay, sandy, white....coiiiieirnrvernnennnnnn 4 217.5
BT 5000 50000 000 B e Ot 00 00 E 00 00 BRI & a6 o6 2 219.5
Clay, sandy, White....eeiveeeevenrneenennannn 6 22585
Sand and gravel......ce.viueriinenrnnceneens 4 229.5
Mixed with clay...ceeevieinnenrnrneneennnnnns 2.5 232
Clay, redi.ccceieneuieneeneenrennennennns 2 234
Clay, red and brown, with gravel.......cc.... 4 238
EETE56600000 380086080000 0000 o0 AR BT L I SHS 241.5
Clay, red and vhite...cvivvuenrnnrunencncnnns 3 244.5
Clay, sandy, white.....ceoveeurereeennenennns 2 246.5
Clay, white..iveeeereeneereenunnnronenannnns 4 250.5
Clay, red and white.....ooveeeeeeneenonnnnsns 2 252.5
Sand, red.......... 0086000300800 RErerER. T 6 258.5
Sand and gravel, brown and white............. 12 270.5
Sand, brown, coarse, few clay streaks........ 15 285.5
Clay, sandy, white and pink......eeeeueenen.. 10 29515
Clay, sandy, pink....eeeeeeeeeeoeenveceneeess 1 296.5
Clay, sandy, white...eeeeeeooeeeeeeoeoonennns 21.5 318
Clay, tough.ueeeieeeeeeenreneeronsnncarnnan 1 319
Clay, red and white...coveeeeuineennnnennnnns 1.5 320.5
Clay, white...cvvuvvnnsn. 9000000 00000000 4 324.5
Clay, sandy, white...eueeeeesuseeeneennneoneen 2 32695
Clay, wWhite.. .o.iceueiieerneenonceasnnnnneeoe 6 332.5
Clay, white and red..ceeeeeeeeveceeeernnnnens 11.5 344
Sand, COBISE. .uueuvieereeeosossosannaneannenes 1 345
Sand and gravel, coarse..........eeeceeeeen.. 2 347
Gravel; clay, red and white......cevvvevnenn. 1 348
GLAVEI(olelelelols o ol e /oaTelelolsle stols o s o oiololslotalels STotolorelald 14 362
Clay, crusty, brown; iron ore.........ccov.v.. 1 363
Clay and gravel, light brown.......eeeeo.o... 1 364
6S2Z-1
Pleistocene deposits:
Sand, clay, and gravel.........cvvveeunnennn. 44 44
Sand, free.iiiieeieeeieriiiiennrenesntnaneanes 21 65
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TABLE 16—Continued

Clay,
Sand,
Clay,
Sand,
Clay,

red, hard
Clay, sandy

softer, crusty
Sand, free

Thickness

.
(3]

Depth
(feet)
{255
77
84.5
85.5
88.5
92.5
104
105
107
116
122.5
123.5
129.5

148.
159.
166.
174.

187
193
193.3
193.9
194
196
202
202.1
202.5
204.3
204.8
207
209
209.4
211
214.
215.
227
243
255.
274.
2175.
280.
280.3
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TABLE 16—~Continued

Thickness Depth
( feet) (feet)
Gravel, free....veeiveeiieencrecennenneananns A 288
SENAL ERERLLAE L v iere o saloTs s oareis o 10 e lloraa ofelolo b als 11 299
Clay, red, hard.....ceiiveiieencereeenonnnens 145 300.5
6S2E-3
Pleistocene deposits:
Earth, mixed. ..c.ociieeeeeeieeeeecnceeecennnnn 10 10
Sand and gravel........cciiiievnnennnnnnnccnns 67 17
Patapsco formation:
Clay, hard....cvieeeeinennennenennneneanennns 11 88
ClEs7s Bney B 000080 qaot o T R B & s 10 98
Clay, White..oieeeeenneeeeneeeeeeannnnncnanns 6 104
SERGIS60 00 00 dBE0 0 DR EOO O ACLEEY c P 00 4 17 121
(NS00 0060 000065006 A0BB8 A8 BE88 A000680 8000 00003 1 122
S BN A el s eTats STOTSTOTISTS™41 5/ o o o o o s7o7e"s/a7s7s 0 aTes o8]0 Slels oo 3 125
OLEL 1o fo¥eneroronersiensio olois offelale ola e sroioior SFeTotore o anafoletalsl o o 1 126
Sand.......... B OO I S U S D o B It 127
(GIATAIWAIE . . .1 e 4 (cpegereretor o cberaTors o loveld S0 AL 5 132
Arundel clay:
Boulder. .ivveeeinenieerieeeneeecneeceennnnns S 137
Gllenzn 181000 0 oA e e PO PO doo o 5 142
SENGl 6000000036 0806060300068800006008000 800000 1 143
(G Lz =T R e N 34 177
Boulder....iveiieeiiiniiineeneneneeennananas 1 178
Clay, Bray...cvecececeeceeoeacsosoosoovancnns 14 192
Boulder. . ioiiiieeiiieiieiiineeeeneeeencnnnns 2 194
CNER0 00 00 000 B0 00 ol T N IPRRSRETEERPRRERURI PP PR 6 200
Patuxent formation
Sand (Water).ve.ieeeeeeeeeeeeeeseeonsceanenss 38 238
ClEN 6888 0100 0 0 oBBb ABBBE BB B o IO AR S o0k 0ol 3 241
S BN ool CR T o oo o o)) 3 sTore[olee <1 5 PITeleelolo) olo ol Fo) alele 54 295
CURYA  rererars « o155 otate ove sperereTamiarsle o5 o 510 0 9578 < [T o s 2 297
S AL s iera e e o foferazare) o o arararare o afaje o oy opelofalerolelalexs ale 2 299
Clay, sandy....cceeeeneeeeenneeannnaananaanas 9 308
Clayrvrb v oo, « o o oo dod T B et 4 312
Sand (Water) ... ieeeeeeeeseeeseeseescescannsan 24 336
CLIaYR c/elaie e orets 5e e ate o o e s oeioasasoaioeosasesesssonle 1 337
AN e STT TeTo) e o e o o)a e aTa] o SToLa o [T <TaTe] Yo o alalo o ole 14 351
LAY AT e o pores/e 3T ASLelale « o o o STOTATETATE 4 4 TSR e 00 6 o 4 @ @ aTale 3 354
Clay, Sandy.ueceveeeueeeececeecoeececcnnacnns 4 358
Boulder. .iuviiieiiieieeeneeeeeceonceccennnnns 1 359
GlaY ] Eed. .. 0. o o oo ofs Sarererererers Sararafetitatend s 9 368
Wood and sand......cciveiieneconencoccnncenas 2 370
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TABLE 16—Continued

349

Thickness Depth
(feet) (feet)
CllERy, “@9656 00 0006060000060 00360 06d00003000600 3 373
Pre-Cambrian rocks:
Granite and mica, SOft.eceeeceecececnannannces 7 380
6S2E-4
Pleistocene deposits and Patapsco formation:
596k 600 5006000006006 5000660002000000000000000 54 54
Sand, gravel, and clay..ciieeieiiiieeeiecanns 23 77
CleRy, HREEL o 00660600000 6000006000000 080080080 13 90
Clay, sandy....cccccecectcccccccccacccnssnnaas 20! 111
Hard place.......ccocuuen 000000550000 a0aB0es o 111.2
(G657, EE90)/6 06000 00 0000660 0680800 00665600000600 21.8 133
Arundel clay:
Vany 1INt 66 06 5.0 006 0 00060000 603004000 0600000. S 138
CHER7, Ereth o000 00000 0000006000000 000000000006 2 140
Uzl 0.6 000 00 000 66060 0 0EABOG 0063005600000 J0B8ad LIS 140.5
S el o 4 SRR N SRS 560 a0 ddao o JAB0S 6.9 147.4
(Ge570 6 0k do 8600 86 005800 0 960 00 0686 666 030 000 A 3% 179.4
Hard bowlldert . . o e ot alalerelelelalele /oo lofetelela axelafo o o o 1.8 181.2
RemlElERs 500060 066300 608800060 000 60000000addood 14 195.2
Patuxent formation:
CH57, 2857000060 0030000 6008646006 6080 BA6s 00 2.8 198
S5k 60606600000 000 6 A06BAEAT6 6B CC0 A6 B0 0003 29 27
6S2E-5
Pleistocene deposits:
Earth, mixed.....coveveenarnannaes D RS T 10 10
Sand and gravel.......cccviiviiiiencnrcncncans 47 o
Patapsco formation:
CllE§700 000600000006 000000600 00000000050000000 0 9 66
Clles?, L0506 000000000000068000000660000000050 12 78
(ClleRz,  0ET0k 0 6 01006 6 00 50.60.50 60000 50000000000000 11 89
(G577 REN/68 666 6360 0866 0006888 860a00600 00000 10 99
Cllehzs Yl 000000 00 bo dold oo daoddooa 0000866000 4 103
SEEG (CEETD)0 00 0 6 6003300 000 Jao 6 SolaBbdA 00 AGI00 19 122
Clle7, Wit Elano 60 0d0000 000 0bo doob 8000000 0030000 10 132
Arundel clay:
Clay, red; some 1TON.....cveeeecoacnsosasanns 10 142
CilES7, G0 0 0660 9000 000 866 6 500 060 0BBABE 0B030 36 178
1BtlaISe6 0.0 6.6 06 58 0 6000 6300 3.6 0086 66 0A0 000000000 .4 178.4
Cllen ([ErE570000 000 Q00 008006000030 003000000000 14.9 193.3
181t Gl260 0 6 6.0 0.0 0,00 0 Jdlo 0 AGGE 50066 00 0AEBG 006 00kl oif4 194
ClEg E0kb 0500 00000006 06006 50 006 0.00dool00 ad 0o 2 196
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TABLE 16—Continued

Thickness Depth
(feet) (feet)
Patuxent formation:
8E104b06600060d 06000000060 60085 50008560 06 50 or 32 228
LRy o rorers [ PTTe s (oo 518 15 o o o o o STEATETETe o o toLos SR o 16 244
Sand (Water)...ceueeenereeenroornnnonnnnnnnas 51 295
6S2E-6
Pleistocene deposits and Patapsco formation:
Earth, mixed....veeeneiruenennnnnnnnennnnnns 10 10
E3dls 600000000 00000 000 0AB0BEOE850 60 6306 6 o 11 21
Clay, white, hard......ovuierienennnnnnnnnns. 12 33
Gravel. .. .uieiuienenereueenenronnesennsnsnnss 18 S
Boulder..uuoiirininnnenneiinreennenannnnnin, 1 52
Clay, white.eiiueeeeeneienennroenennennnnnnns 10 62
Sand and gravel.........oveviiurnernnnennnnns 5 67
Clay, sandy, white......ovvveuvnvennnnnnnnnn. 7 74
Clay, white..ieeueenunnennnnreoenneannnnnnnns 5 79
Clay, sandy, hard....oveuininnnennnnnnnnnnns. 2 81
Clay, sandy, white....oovvuvenvnneneerrnnnn.. 18 99
Sand, white (Water)..........ceeeeenvnennnn.. 23 122
Clay, white..oueieeeeeunoenonnnnonnnnnnnn. 15 137
Arundel clay:
Clay, red.ieiueeeneeeneeeneeeenneenennnennn,s 6 143
Clay, Bray....iiveeeeeeieneeennsecenncnnnnnss 6 149
Clay, Ted.iuieeeneneeneensoneeeensannnsennnns 27 176
(Not reported)....veuvereneunennnnnnnnnnnnnn. 3 176.3
BelEla56'0 6000 0000 00 6000000 006 ABBOBE LB Sh S o8 o 5 176.8
Clay, BraYeeeeueeeeeeroroceoaoessoansssocnnsss 15.3 192,1
Boulder......ovuveivienuniineiineennnnnnnnnn. .9 193
Clay, red...... 3000 o o SobdBBBeEa0 30000000000 2 195
Patuxent formation:
Sand and gravel (water)...................... 33 228
6S2E-7
Pleistocene deposits and Patapsco formation:
Earth, mixed. .ooueeeeieieneoinrernnneennnnns. 26 26
75 50000060 006008308000 0B OB BEAE A B00 888 200 e 8 34
Sand and gravel........ceiiiiiininnnnnnnnnnn. 19 53
Clay, White..vvseereeunneneeenoeennnnnnnnnnns 1 54
Sand and gravel.......cevriiinennnnnnnnnnnnns 13 67
Clay, White..ioueeeeueneeeesonnesnnnnnennnnns 5 02
EEl566000 068 08800 0000 4B 0o0E 0ROt 600 5e 6 78
Sand with hard clay...coeeirnennnnenennnnnen. 2 80

Sand and gravel (Water)........ecoeeeevennss. 16 9%
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TABLE 16 —Continued

Thickness Depth
(feet) (feet)
(€370 6060 0000060 00066566000630 0060660060 303000 6 102
Sand (Water)..eeeeeeeeeeeoeeeececoeasonannes 18 120
Clay and sand...oovcieininnninenenennnnnnnns 6 126
Arundel clay:
©lEvk 0 00000000008800000300000890606060606000 000 1 127
Clay, redisssusseeeeroeesosossooacnsncnnnnnns 7 134
Clay, sandy...ceeeeeeneeeceeeeecescoceoonenas 4 138
CITAYST GEARN. e« & olotbrororers STatels Shele o o ororels|refelelo o oo ore 6 144
Clay, Bray...cececseeeeecccoseceseennnaasanns 5 149
S LONE Ferarerarersral a « & 476"« WaTe SfaTaToTa[aIS[o[616 ¢ o 0 » o757 » o o o a7 31 180
C¥36008006600000800b 0068060000 000686308060 8G 10 190
SLOME. e teiettttatanaacrsnesesocceccaaceensan 1 191
(G150 0 46 00 60 6000600 86 = 56000650 06000008508 8600 3 194
StOME. se 4t setteoanaaacansssssssasanasacoennns 2 196.5
L a Lo |- e oL 1 = e ol ofe o Lo Lo 1o oI5 1o & [ ole s & ol orereTals 3.5 200
Patuxent formation:
Sand and €lay.....ceueeeeeerenecrronnnoennann 19 219
Sand (Water)...oeeeoveoeeooseassasaesaacaness 25 244
(630000 00 SIS . S R O I 8 252
Clay, sandy...cvvevn.. 00000 000000060000000 200 6 258
SETT | R e T S P S 26 284
Sand (WaAler). eeeeeeeeeeeoooeeosanoosoasconsos 15 299
CEY0 0% oBEBA I8 JB00 o J08 0 BE8 68060 500008008 B4 2 301
ST b060000006008600006060006000038008dd00d00 bag 5 306
CLIAY e 4 07a e alala s a/ala e a e aiala SJalaia aleiala aa e slalslelole a elelslale 5 311
(Not reported) (Water).....c.ceeeceeeeeeennnas 25 336
6S2E-10
Pleistocene deposits and Patapsco formation:
(Not reported).eeeeeeeeeeeeeecceoooconcoenass 38 38
G0 50800 oI TP ST 5 5 50 o RIPPTPII lt 39
SANAYE S el erels o 5% oFTe o afsle s o feTTTTeTele o o o o/afs ol6 0 o 1 40
Sand and clay.iieeeeeeeeieeiieecerenesonnnnns 25 65
O o crorerere siorerere o o o o 170 o + To7T & B137s TETE S I@ETe o[5]0 %6 2 67
Gravel, COBISE....ccveeucnreecsconsnenoannnns 23 90
Sandy. . iiiiiiiiiiiiiiiiiettetttaneteeeaaaanns 13 103
Sand, reddish, free......cccvveeeeeececcnnnns 15 118
Sand, fIne.iiiseieeeieciaricenasencsoncennnas 5.8 123.8
Clay.eeereenoenesssecsesaseaassasssasacssanns 7.2 131
Sand, free...iiiiiiveeeneenneccsecnccecnnnnnn 10.2 141.2
CE§76 6000 000 08600 600006660 3800000000000000004 2.6 143.8
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TABLE 16 —Continued

Thickness Depth
(feet) (feet)
6S2E-14
Pleistocene and Cretaceous sediments:
Sand and gravel......cciiiiniiiieciinnenannnns 5 S
SANd. s i ii it aiteeiete et eteeeee et aaaaeas 20 25
BAYAT o rerereteleliie o oo sloleTolo olorofele ¥ ohorera ona e 0 e folotetelole 35 60
Sand. i iiiiiiiiii ittt it it ettt eaaaaa 8 68
CEY S0 000000 MO 00 CEIECIRIRE SRPY SRS L 50 0 O 16 84
Clay, sandy....cccceeeeenceessnscecssnsoanvens 21 111
Cle860000000000000300600000 00600000600 0060000 5 1 112
S0 00 A B00 58 00 8 O HS TS SRSt BUREE . 8 0 500 0 22 134
Clay, sandy....ccoeeeecosvsecesoecscnsnacennne 24 158
SETE 06 00000 BB00 00 IR SRR LIRS S5 JERE - 5ol 6 164
Sand (WAter).ueeeeveeeeovossssnssasannssasans 9 173
Clay, rediiiiceiiiceiiinecennsecnsossoncnnnes it 180
Clay, sandy....coeviieinnnnnnnsseneneannsnaans 29 209
Sand. it iiiiiiiiiieiaaiiictittaactearataaaana 19 228
GllayAvrtildn: Mol ool . it o erotsioteiosese ofslom oie'e silole 6 234
Clay, sandy....csseessssvscccccososasnsoonnne 26 260
GRAVE L. e Yot fohepo e« STokeiaisfoto ofotote syaorss HoTeXototel b 2 262
Clay, sandy...veciveeeeseeeeeeecessnoanenenns 10 219
Sand (WALEr )..uiveeeeesseneeocenovanceoccenas 26 298
Cllewy, LETAE o dlb 00 000 0 TR R IR OO0 0 do 08 4 302
Sand, white (Water)....cceeeeeenneccncnnaenns 10.5 312.5
Clay, sandy, white, hard........ccccvveennnn. 4 316.5
SETEl (CERET a0 380 0 nB8 008 o Be B850 030 3600 8.3 324.8
GIIAY 5. o ore) erefelorers o o ke oisrais s ol ke o o alara atarara o elale afala 3 327.8
Sand, White....eeeeeeeescoceocsacsosacassnans 6.2 334
Q7588 06060000000 ABB00 EAE 0L SRR AN A A BB Ba0 1 335
Sandl HBeenrtr tetalelahs « o o1 « & YL¥0 e o o Wl L Lorilals 6.5 341.5
ClEYINEE diyoxe s LT ST <xare o axs afoTo ) ool fa]- L 5.5 347
Clay with sand streaks........oceeeeeeeeeneen 7 354
Clay, red, hard....coeeeeeeeeecenrseennaanans F63 357.5
Clay, gray and white; wood and sand streaks.. 28.5 386
Clay, White..oiieeiiennerneeeeeeeeoenennannns 9 395
Granite, soft; mica; some gravel............. 6 401
Pre-Cambrian rocks:
Same formation without gravel, getting harder 24 425
Rock, quite hard...oveiiiiniiennnennennnnnnn. 6 431
6S2E-19
Pleistocene and Cretaceous sediments:
(Not reported)...ceeeirrcereveeeesoneenasanne 285 285

Clay, sandy, white....eccveneencenneeensnoans 16 301
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TABLE 16—Continued

Thickness Depth
(feet) (feet)
Sand, white (Water)....ceeeeeeeeseoarencannns 11.5 312.5
Clay, sandy, white, hard..........coovuunnne. 4 316.5
Sand, White..eeeeeerssocsasoneconeosetanssane 8.2 324.7
(Cle]70 0 606 0db 0000600000000 00660000ada0A00000 000 3.1 327.8
Sand, White.....veeeveeeenererenronranscanenn 6.2 334
CNER75 00 060 0000000000000000000000000000000000G 1 335
Sand, free.....oviieeeeneereennenncoanennncens 6.5 341.5
6S2E-28
Pleistocene deposits and Patapsco formation:
Sand and gravel......ciiiiieieeeiicianiiannns 15 15
Clay, sandy, white, fine......ccivveeieeinnns 1 16
Sand and gravel....cccviiiiiienieceeaacccanans 7 23
(CIle70 ) T EE do 00 4860 0 0 60063060000 0000 606 3o 4 27
el [Tt o 666606 5600 00060688 808006000000 00 29, 49
C1l68750 00000 060000000000006606000060000300303000 25 T4
SE%k 0 6000 060006600006006000G000000000000600000 10 84
(Cllzs7,; 13b 5 0d 00 000006000000 0000000000000000030 24 108
(CllEs7, GETT6N/800000060000000660000000d6600600000 14 122
§51¥ln 660000000 0000000 48 2000000000000900000000 15 137
Arundel clay:
Clay, sandy....ceceesecessscescceeceocnsanans 23 160
CllE3748 EEE 0000000 6608 60666600004d0060600030A8 41.8 201.8
Patuxent formation:
Clay, sandy....cceeceseensscocsseaccocccoanns 7.6 209.4
&8 %600000006060000080000006000 005000 00000030000 .5 209.9
(Not reported)..ceceseueesoasececeassocacncns 21.6 231.5
[ 9ER0 0 000000008086 000 000000300 0060 000000030000 .8 23088
Q165700003800 000086000000 200 600.00.000606000003303 A3} 235.6
IA5%8R4 000 08 06RO0 000006080 0000000000000dd00000a A 236
(Clles7; EERGEY J06000006660d06006000006003060000603 ol 236.7
JReER3 0000000000 000080000.00000000600000d0|00000G 1 200
SEMEl, 06 0000003400 06660 36000 0000060060000000a0000 .9 238.6
(CllEs7y E51EN 0080008606 00000000 009039060060 0000000 14.4 253
@R 000000000600 00600GI060 000060600 00000036000003 3 25893
SEMEl0 000000000 00000000000.00000000000000300000 2l 255.4
I8R50 0000 600800006000 0000000 000600000000003304 A 255.8
CIE i 180k ES 560 6.00000000000856690 00800 000G 4.4 260.2
Clay, Sandy..eeeeceesscescccacecasocacncacens 17.3 2N
(CllEw7, EEs 50 60000600 00000600600060000000690003d0 2 279.5
Clay, Sandye..eeeeeceeeeaaesesnsseoccaoanaasns 5.8 285.3
Senel, RIS 0000666600000 006080603000036000030 18.9 304.2
(e, EEEE70 606 deloo 06 000000 0 00003 000000000600 5.1 309.3




354 GROUND-WATER RESOURCES OF THE BALTIMORE AREA

TABLE 16-—Continued

Thickness Depth
(feet) (feet)
6S2E-31
Pleistocene deposits:
(Not reported)...cveeecenrueecensnnenennsenns 15 15
Gravel..ouvuieierrneeenneenneeneeennssnnsos 15 30
Clay and gravel......cvvvverneeenrennronnnens 33 63
Patapsco formation:
ClER76 0 SB0.000 005 BOBaGI o B o T ITI R = G 8 71
882610 00000000050 00 GoREO0AEER Bobion IO 0000 0 4 8 79
(Cll6%70 56 06 000006 06 SABEBEEAC & AUBBER 0 006 40 6 0b d 6 85
Sandy. e et iiieie ittt eeanreeeannn 10.5 95.5
Arundel clay:
€116570 dbio 600060000 60000 050 Cab BITBAREE o db 6 0o 0 0 74.8 170.3
Boulder. .uuuiiiineiiienereneerenennnssonnnnas .5 170.8
(C3%65000 00 066000 50500000 3600 BEBBABB 0 06 6 6 00 T 178
253l 0 680 60 00000 BAB 600 A0 BaBHBB 0 0600 060 o 0k 178.5
Clley/0 00 0065 0nonaa0860 80 5806660508686 00 500006 3 11.5 190
Patuxent formation:
Sand..ieeannnn 9600306000000 000GOE0060006 00000 1 191
Clay with sand StreaksS....veeeeeeeeoeeoneness 6 197
Clay; boulder at 200.4 feet.......evveeeunen. 6 203
(Not reported)..iciieeeeereeneeveceeneneonns 3 206
Clay, hard...iies ceiiineennnenenneneeenennnns SH5 211.5
Rock, soft.eeeeeenenenss SoG O OB 300 S0 0 25’5 214
Clay, hard...iveieerineeeneeneeeennnsecnonnos 1 215
Clay with sand streaks.......ovveenoeenerones P44 242
(Cll&37 600000 006600000 300006360 600060 00 86066 000 5 247
938566 0600000000000030600640000006 0006006000008 2 249
Clay, sandy..uiveereiereeeeeneeeesssesnnnnnss 19 268
Sand, free..cceeeeerececeeseosennsnsnennnnnes 13 281
Sand and gravel.....viveieeerececnennneennnns 9 290
Sand, fre€..uiiieeeeeeeeeresceoeasscesnnnnnnes 6 296
Clay, sandy...oiveieeecraneeeneereencannonsss 2 298
Sand, free...iveiiitetecerencennnnnoneerenans 5.8 303.8
Clay.iee it ciinenrennreenneeeerssessonnsanens 2 305.8
Sand, free....iveeeeieieeeeeeeccoonnssoensens 1.2 307
Clay, hard..ueeeeveeneeeesernneronnnnneonnns 155 308.5
Sand, free...ieeeeeeeneeneeensescsessncosoess 3.5 312
Clley7860006000 0066 SR A B0 & OB 000 00 6000 00 060« 1 313
S 50600 00008006 0030000 803008808 G0006 00866 o 14.5 327.5
Ol 80600 00 a0 G 4 5 B0 SBH0 B 00 OB 000 00B0 6 0 6 3.5 331
Sand, free...vcieeeeeeeeeeernseonrnnsnnnnnoes 5 336
L0 2 338
Sand with clay streak.....eeeeeeeeeosenoncens 6 344
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TABLE 16-—Continued

Thickness Depth
(feet) (feet)
6S2E-32
Pleistocene deposits:
(Not reported)....cveeieeneeececennnnnnncnnns 15 15
GrAViELs. « rere oo s o wrsfsisie s sie oisEE = 518 5 orseTsskeTes sToTelere 15 30
Clay and gravel...iooveivsennnsnssnnnnnennnns 33 63
Patapsco formation:
Clay, hard. ... ivieiiniennnrenesenssasnsnnsnns 5 68
SEmEWa0 0 M8o0 00 050000 5960000600608 BEE0A00 GOBEY 4 72
Clay, white; gravel.....cvevvveevnncosccancas 1055 82.5
Clay, white, hard......coeiiiieeenneennnnnnes 50 88
T o S 5.5 93.5
Arundel clay:
Clay, hard (seems more like hard sandstone).. 11555 109
Clay, sandy...eoceeesesessncnncnnssnsannsnnes 16.5 125.5
Clay, hard and s0ft....cveeeeeeeneecnnennnnes 14.8 140.3
Clay, hard...cccviiiiiiniieiiencceeneecanees 37 14
Ol B B 560006060 6.6 0 040 000 B0 BEBOAE 8 152
[ B S8 0 o o JEE B 6 0 L oHEE 56 0 00 JUBUE JBAE 21.4 173.4
S5 006066 5 90606606 86 6 06 6ok o 6o 0 b 65 oo 6 Boloh & 1.5 174.9
Rock, SOft.iiiiiiseierennnienseosonsosonnocanse 4 175.3
Patuxent formation:
Sandy...iiiiiiiiiiiii ittt nataaaaiees 9.2 184.5
Crust, hard......cecvueeen 50 N R 9l 184.6
Sand streaks, crusts iron ore, red........... 4.4 189
Clay, red, soft...ciiiiiiieinnennnnnncanconns 9 198
Sandy....ociiiiiiiii it ie it e e riie e 14 212
(CILEYZSMIS SRR XSS S s S N SR SRS S 6 218
Sand, free; gravel......ccceieieeneeeeennnnnn 8 226
Clay, sandy, white....ccviuenencrnennsnnnnnns 4 230
(CIE7 NEES1G 176 0 olb0 0o 085 5866 60 500 66 56600 0000 66 00 4 234
Sand and gravel.......ccecccenaniicesoeessnne 14 248
Clay, sandy...ccceernencnnsescnscoecvonoonens 15 263
T T R 8 271
Sand, free...vveeeeeeeeieneccccecccenocennnes 20 291
Sand, clayey..voeeiienieeesooscesoccrnnnanns 3.4 294.4
SETE b5 0006063080 36 06 58 06 000060 00 00 dH 60600600 3 6.6 301
Clay, red....veeeeenoesonssossoesssasnanasens 9 310
Clay, sandy..ceovecnincnnnsnscnessnesconnsnns 7 317
Gravel, fine...eeceeercecencecenenceceoenens 9.5 326.5
Sand and gravel, fine......c.vvvvveeeeennncens 12 338.5

Pre-Cambrian rocks:
ROCK. it teeneroseeeesancscasasaosncocssnsooens ol 338.6
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TABLE 16—Continued

Thickness Depth
(feet) (feet)
6S2E-36
Pleistocene deposits and Patapsco formation:
Clles7, 7BETsB000 00680 00000633000 obbb 86 060000 12 12
Gravel. . ciieieieieiieioreeenneesneesnnennanas 2 14
(ClEr 5000000000 B0 FBC T OO R R At o 1 15
G 0606000000 8600800000 AN EABANR 50 03500 5 20
Sand, COATSE....cuvvvrerrvncecenecenesacannas 18 38
Sandi i el M. -« < erererenretireeslone o 5l srerererste o orsrer e Il 39
O Ry R e o loe S e te erere sreararare s orenerelelele B 4.5
SANS [COATISE. o Juiebelsiaie ot ooiote o o « b o'alelelore ola/olalorale 18. 63
@liaysi ., BN, S N e e s i o0« S L 2L 4 67
Sand, Coarse.....cciiiiiieieiceteccisccnnnnans 13 80
e 88000t SN0 oo, ARE I I o 4 84
Sand, coarse (Water).....eeeeeeeeeeceacnnnens 39. 12345
Ronlder st L N e e aiele e oo oo aetartios slalele o ains 2 IZ560)
(ClERT7S 6 ol o BB 0 000 500 T T - 4 1295
Sand, COArSe..uu.ceceveceeccaceeccaccanannes 10 139.5
Arundel clay:
I oo Nl e e oreeieiore dlareiate Eusie ore oo ave ofsle aors o o 6 145.5
Rock, harde..veieeiiiiiniiiinneeeennnnennnnns 3 148.5
Clay, red, hard..c.cieeeiiiiniiiiinnnnnennnns 36. 185
Patuxent formation:
Sand, COArSE....ceeeeecesseeesesssssasnannann 3 188
L0 3 - PO 3 191
Sand, COATSE.seeeeeeeeeerereneseeesossaannnas 6 197
ClE376 ol o 86 06 06 0o Soaaaa CHD O o EEE SIS 55 B 8 5o B 7 204
Sand, COArSe..veuetececcestesassscssssasnannn 40 244
N7 S 6 B0 0D 000000 BB PRI i e 50 o 17 261
SaNd, COATSE..uuitteeeeereesonsssnenaansssans 10 271
(G237 SR I R PO S S o 5 216
Sand, COArSe...cceeeesceesnesnsencssacanssnes 19 295
(Cllan7o ot SAH - ISR RS SERTY [SPr e SI MR 3 298
Sand, COArSE...c.eeererueeeseesecnssacaanssns 12 310
Clay, red, tough..ccciiiiiniiinnennneeneennns 5 315
6S3E-2
Pleistocene deposits:
(G G0088 000 o T SRARINE IR " =~ 5 S
Clay, drab.s.ciiiiiiiiniiineeeeeeeeennnnnns 20 25
Glay Whandsiliy. . o S . AL R 13 38
Sand and gravel.....ceeeviivececenonenoeennns 1l 49
Patapsco formation:
Clay, white, soft..cciiiiiiieicninvinnnnnnnns 5 64
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Thickness Depth

(feet) (feet)
el WAUKTZ50 0000000 500005006660 088000360000 2 66
(Cllet7g Tl EE0 do 06000000 000000 036000000000 00600 5 71
Samel! W26 600666 0036 0'60660036006660600000000 4 {15
Cld%0 0 60 060 00000860060 00008 0B 566066660 0060000 1 76
(e, S 000000060 0660006000000030000060 0000 19 95
Sand, coarse, White...eeceeceeeaccascaanaasss 11 106
(Ol LRy R (20T 0 s 080 6 000 00 0 00a8a0 600 0860000 4 110

Arundel clay:
ey, sweth 1576k 0.6 0600 60000006000 0000000640600 1 111
Clay, pink and white, soft.....ccevvuunnnnnn. 10 128
Cllay), brownl, Sefitiaaeailele cieis = ololelels ol slelelole ofekele 4 125
Clay, pearl gray, soft......c.ccviiueeennnnns 7 132
Cllayg, €&8l50600000000600005000080000000000 3000 43 175
Cllesz EE1CW | MEE 660 0000000000 000600 00060000000 5) 180
(CHlE5 7 iR km K5 b 5 36 0 6 B0 6 6 06 6 6 A0 80 66 6 666 06BA0 15 195
Patuxent formation:

(Olleq7o dFTGE  GLeElo 8 06 60 006 0606 0 A0 6806660 000000 23 218
Clay, dull red, hard.....ccoviiinecenceannne. 5 223
Clay, bright red, hard.....cciiviieeniinnnnnn 2 225
Sandh yellowl BEee s arilelaeels sfaeteistetoretso/e s elo:éia o o 16 241
Cllesy, @l 15zmelk 6o 0 600610 06 00000 006 60a000000 3 244
Sand and rockS.....cceiieiianiseiiisasaanaane 12 256
Sand, white and yellow, free.........ciicuuee 18 214
Clay, red, hard.....cviiiiniinriencnncaannnas i 281
Sand and gravel, white......ciceeceeniennnnss 54 335
Tron ore, hard. ccveiireeeeeeeeceececescassans 2 337
Ol @6l Iielin s 0006 00000060006 0000000060000 1 338
Clay, drab, s0ft....cciiieeccncerencancensnns 20 358
Iron ore, hard; sand streaks.......ccocceucnes 4 362
Sl R0 00 0 0a 6 36 4880 D 66660000000 0860003 3 365
Clay, white, s0ft....ccuiueennanarennsnnences 3 368
Clay, sandy, white, soft......ccceveeiennnnn. 2 370
Sand, white, free......ccceceeeeseecnanacanses 4 374
EGllay, S whit te, SOt oo re T 51118 & leleTeltele - = s[aheXeTs 17 391
Clay, yellow, hard.......ciiiiciinniinnnnnsn 8 399
ClleS7y iy N5tk 86 0060006608060 66880656 50080000 2 401

1lelsl Glslty ADETEE 00000 00 0 OIS 5.0 00 0 0.6 0300 000000 o) 401.5
Clay, pink and red, hard............ccoiiunne, 35! 405
Clay, drab, soft....ciieiininnncnecncanaannas 24 429
Clay, dark drab, soft.....ccciivvicinnnnnnnn, 6 435
SE U e 1) LIRS B a8 6600 a0 cac S 000000000 25 460




358 GROUND-WATER RESOURCES OF THE BALTIMORE AREA
TABLE 16 —Continued
Thi ckness Depth
(feet) (feet)
6S3E-6
Pleistocene deposits:
(Not reported); shells.u..oeueeueerennnnnnnn. 10 10
SETEl 66600 00600606060060000006.06880kb3BEG0 00 2 12
Clay, Bray...iiceieeeeeeeneneeceneesennnnnnns 8 20
Clay, darkee.ieiseeeneenenenineernneneennnnns 24 4
Clay, yellow..iusoeueeeeenuenenenenrennnannss 4 48
Sand and gravel.....ocveeiieiiinnninsinnnnnns 12 60
Patapsco formation:
Clay, White....uueevenueneoenoeaneonnennnanss 1 61
Sand and gravel.........euieirenenenrnennnnn. 9 70
Clay, red..icieeeeeeeneeniennnrnenrocennnnss 10 80
Clay, sandy, red and white........veuvennnn.. 46 126
Arundel clay:
Clay, redi.cciereeneiniinnneneneuennnnnnnnsn 69 195
Clay, Bray..ieceeceeeeeeeeereesoeenanneneeanns 23 218
Clay, Fed.iuuiinseiennnnueeensnnnseoernnnnnns 7 225
Patuxent formation:
Sand, yellow..uieeuseaenenneneenreroesannnnns 16 241
S0k 0056 000 0060008608690 000 08 5 866 BBG6 0 000 65 19 20
Clay, White..ieeueeoenneeeneeroennnooonnnnnns 20 280
Clay, sandy, white......ovveverennnnnnnnnnnnns 10 290
Sand, White..eeeeeerseerrenerneeeeeneennnnnns 17 307
Clay, redi.iciieeineeneneneeervnnenancasnnnns 9 316
6S3E-7
Pleistocene deposits and Patapsco formation:
Sandy...coiiiiiiinninnn, 9000000/0000000000000 13 13
Cla5750 0000008600 500BBE0 0056 Baoh s AB0 0880088 60 6 1.5 14.5
S Y T T oloLeNe o oo Lo Lo oo o oo ele e alatateleTote | foLoleloteraterekelolots 2 16.5
Clay.......... 000000003806 6060b6d80000800 65960 14.5 Sl
Clay, sandy.....covuviveiineirnrennnnnnnnnnss 4 35
Clay, hard; gravel......ccovevvvnnenneunnnnns 40.5 6358
Sand and clay...oeeeieeneeriieiieiaanennnnnn. 24 99.5
Arundel clay:
ClER20.0000 06000000 3066 DAL BBOBEEEEAE S tb 600 A 38 185785
Clay, sandy...oeeienennennnneineronnennannnns 28.5 166
Clay, rediceiienreereeeeenroenoenerennennanns 3 169
Sand and gravel.....oveeieeeisenranncnnnnnns 4 173
Iron ore and clay in streaks................. 22 195
Clay, SOft..ueiieeereenerseeeronennnennnnnnns 5 200
Patuxent formation:
Clay and sand streaksS.........eovvvennnnnn... 51.3 251.3




Locs oF WELLS 359

TABLE 16—Continued

Thickness Depth
(feet) (feet)
L) S50 65 300 BB b 06 b 0 oM ok C oo BRI e .S 251.8
Sand and clay with hard places............... 1552 267
SEeh 69000060006 60 0 806000000 6058608 0600000 4 BAE 13 280
SEREYI0 60000009006 60000 006 040HH6B 603000 6 5800 46 8 288
Sandy, free...ciuiieeiiiiireninrernnneeennnes 2 290
(O} 05600066 650000580800 B0 50086 4400 S0 B0E 50 4 294
Sand, fre€.uiceeeeennerenneroenceoenssssonnns 25 319
O30 880060 0.056000086.06006000000000 100080006000 3 32
Sand, free...eeuieeeienrenenernencncennnnnnns 17 339
6S3E-8
Pleistocene deposits and Patapsco formation:
SANAY. vt tetintnenerenanatertenrnenenensns 00 10 10
Sand, yellow..uueeeeseenenuoerenennensnsnenns 10 20
Gravel; clay, gray......... 90000000606000060000 45 65
Gravel in clay.iueeeieninineernnennnennnennns 8 73
Sand, coarse; gravel, fine, with clay........ 22 95
Gravel, COBTSE..ceuvuerenrnenereenenesennnrns 42 137
Arundel clay:
375000606 066800 8006000006606 606 56005600540 85 e 30 167
USET G85h 00060 0600000000000 6 4J6E 630 0000 6o 6 6 33 200
Patuxent formation:
Clay, sandy, Ted..v.eeevenninrenrnennennnnnns 5 205
Clay, sandy, brown.........eevvuenennennnnens S 210
Clay, sandy, red and brown........coueuunenn. 25 235
Clay, red.uciiveereennnnnenrononeoscnsennnnns 5 240
Clay, sandy, Bray.e..eeeeeeeereeencenennenees 10 250
CllzRgs 1956, 5600 086006000066 80600500 066 JaB6 o6 5 255
Clay, sandy, gray, red, yellow............... 5 260
Sand, Pinke..eieseeeiereeeiniiieneeranenanes 5 265
Sand, yellow, fin€......vvveriinvunennenennns 5 270
Sand, Brown..uieeeeeeeireerenrenneeeronnenns 5 275
Clay, sandy, brown.....veeeeeeeneenenensenen. 5 280
Sand and clay, brown.......eveeevervnnnennnns 5 285
Sand and clay, yellow and brown.............. 5 290
Sand, yellow...iuiveiieiueensvnneennennonnons 10 300
Sand, yellow and brown.........eveeveerrnen.. 5 305
Sand, brown.....vvieieiiiiiiiiiiiiennetennnens 5 310
7S3E-3
Pleistocene deposits and Patapsco formation:
Surface....ccvvvevnnnninnnnn. 00006006 00060000 15 15

Sand, gravel, iron ore, and sandstone........ 24 39
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TABLE 16 ~Continued

Thickness Dep th
(feet) (feet)
Clay, red and white.....cvvueieeeencacnnnnns 33 72
Clay, sandy, White...ioveieeeeeceeccocanonnns 64.3 136.3
Clay, white..iivieeeeeeeeuenucnnneennrennenns 13.7 150
Sand, red; clay, white....veeeeieeoeecnneannn 25 175
Sand, white, very hard......ceeveieennnnenenn 12 187
Clay, vwhite, with streaks of sand............ 36 223
SandMandEgRavelll o oifeleletelels /oo o siofofefel it s otate 21 244
7S5E-5
Pleistocene deposits and Patapsco formation:
Clay, pinkeeeeeeeeeeeeeeocnnoosasenoncsencsns 60 60
Clay, sandy, pink...cceeceeieneeceneeeecnnns 40 100
Sand, buff, fine....cveviuieienenenniniennnnn 20 120
Clay, white and buff, mottled.......cccvuu... 16 136
Sand; between clay beds (water)..........e.... 1 137
1S1W-4
Patuxent formation:
Iy e P P er o RV e o et oeto o ol oo STeTstatl o (e osese e 45 45
Gravel...ieeeeeeeeoeeeeceaacaneconscaccannanns 10 55
Clay.eeeeeeeieeeeeeeeeeeeeeoeeasnansoccacaann 10 65
Pre-Cambrian rocks:
Granite...veeceeeesecsscccscsossnsoscocnsooes 35 100
1S1W-28
Patuxent formation:
Sand, yellow........... $000003000000006 0000000 10 10
Gravel and sand mixed....covvveneeecennaennnn 38 48
Clay, yellow..eeeeoeioreeeeooeeeneocecennnnns 20 68
Pre-Cambrian rocks:
ROCK I o Tl = « o o /57 s o 570 o $STATTSIeTs 1o | oT51s 5o « o o 5T 17 85
1S1W-29
Patuxent formation:
@Iy Whiltel d M . . v et SN0 20 20
Sand and gravel....cooverriiiiiiinnieecaaanns n 47
Clay, yelloW.ieeueeiinoooeeoeooocananonnnnens 18 65
BEOR OTEN . - ule oo or il foririle SXR B e Serenslivs o s AR YL 8 73
Pre-Cambrian rocks:
Clay, yellow; rock at 77 feet.....cceveeun.. 4 7
1S1w-31

Pleistocene deposits and Patuxent formation:

[t IS SR BB BE B 0BCBEEAE b oot SEBE A 880 58 52 Ho0 2 22
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TABLE 16-—Continued

Sand, blue
Clay, sandy, yellow

Sand, yellow, clean (water); rock at 88 feet.

Pre-Cambrian rocks:
(Not reported)

1S1W-34

Patuxent formation:

Clay, yellow; hard blue rock at 35 feet

Pre-Cambrian rocks:
(Not reported)

1S2wW-3

Patuxent (?) formation:

Pre-Cambrian rocks:
Granite, hard
Granite, softer
Continued soft

251W-24
Recent deposits:

Pleistocene deposits:
Clay, blue
Sand, black
Gravel (water)

2S3W-1
Pre-Cambrian rocks:
Soil, soft
Rock, hard
Rock, very hard

254W-3

Patuxent formation:

Pre-Cambrian rocks:

Earth, clay, and broken stone
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TABLE 16—Continued

Thickness Depth
(feet) (feet)
Rock, gray, hard.....ceeveiieernnnncannns gt 138
Ml C A= OB fe e tale ofe o ele o o/o s1o/01o o ofo o o oisrelela o lelols 5 7 145
Rock, gray, hard...... 00000 TS 88006 003 0000 T35 400
3S1w-5
Pleistocene deposits:
Earth...cvvvennnnn.. 00000 0O E e e - 3 3
Gravel.iiveovvuvennnnn.. (35 IBOORRnN0 ddaoosad 15 18
Patuxent formation:
Sand, white..ceeeeveireneroeneernnnnsoneeoeene 6 24
Clay, brown........... 800004000 A60R0 oo YT o 2 26
Clay, red; iron....cceeeeeeseennnconsenes Bolod 24 50
Sand, fine...ceiiieeeeneeeenconrscsnsccaens N, 10 60
3S3w-1
Recent deposits:
Loamli B0 IRYetere o orelolelerd & o oo oo 'o/s cis o o sle/d¥elate sis o s 6 6
Patuxent formation:
C1ia Y8 (T EARTTRIeToote o oo /oo loisfo o1 5a's/ala a s/s /o e o 5% oo 4ls 10 16
Clay, black..e.cevseveennennss T EREE S 3300 o 3 42 58
(Gl 000 o T T T — 5 2 60
Gravel, vhite (water at 63 feet)............. 6 66
(Not reported)....cceueneeieeeeennsnenonnnas 2 68
Gravel, yellow....eueieeooinneunneoreoeenenns 2 70
Pre-Cambrian rocks:
Shale or mica clay...cceevieeeeneececnencnnns 47 117
Granite, Eray...ccecececeeecccscoeassccsesennss 3 120
Shal€ i eesmhle e er oeenes (.00/000060060000d000 80 9 129
Stone, blue (water encountered from 145 to
L Y1 7 20 149
INIE-2
Recent and Pleistocene deposits and pre-Cambrian
(?) rocks:
B cand edays sumerem oo 5o Seloe oo n e on o e s uions » 44 44
Pre-Cambrian rocks:
Granite, very hard.......eieeeeeeeennnnnnnnne 26 70
Granite, black...ieeeeieeeeeeensroonnnceensons 30 100
Granite, Bray.....ceeeisccecenceceesannnccenns 8 108
Granite, blue and very hard...........c0u.... 92 200
Rock, gray; mic@.....cieeeeeeceeecesennsennns 35 235
Rock, gray; mica and pyrite.......ce.ceeeueees 5 240
Micaceous rock, gray.....ceeeeceeeerecoennnns 120 360
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TABLE 16 —=Continued

363

Thickness Depth
(feet) (feet)
Granite, dark gray.......c.oeeeeveeeenenennnns 25 385
Micaceous rock, light gray, soft............. 50 435
Flint rock, white.....cveeeeeneeeoencannnnnes 40 475
Rock, gray, hard......cooeeevereeeneececennns 10 485
Limestone, White. .ueueeeeeeeeeennnnnsonoeanon 285 770
Rock, black, very hard......ccvvvveeenecnnees 20 790
NIE-3
Pleistocene deposits and pre-Cambrian rocks:
Soil and clay..veeevenereiiiiinneeereeeennnns 55 35
Pre-Cambrian rocks:
Granite rock, very hard........cccvvvvennnn... 47 102
Granite, blue, very hard.........vvvvennennn 85 187
Micaceous rock, gray.....eeeeeececeeenennnnn. 153 340
Granite, gray, very hard........covvvvunen... 20 360
Rock, light gray; mica and pyrites........... 60 420
Flint, white.iieeiiaenearenrinneernnencennns 40 460
Granite, Bray......cceeeeeeceseeencececsceses 50 510
Limestone, White.....veeeeeerneeennnsonnnnens 354 864
2N3E-2
Pre-Cambrian rocks:
Clay, yellow; rock at 55 feet....oeeeuene.... 55 55
e 5000 0068 8606 0086 A600 6400000600008 00 0a0 4 1245 1300
3N1E-1
Pre-Cambrian rocks:
Clay, Drown....uceeeeeeeseeeesennncenonsnses 10 10
Clay, yelloW.uiieeiieereneeeeienennennonaanas 4 14
SerpPentine. .t vouerertesssnnceaacnnncnnneeensss 14.5 28.5
Hornblendite. . ouvuvieeeiiinnereeneeenennenns 35.5 64
(C ST T5000008000 500006 5000300050 0003000088660 & 121 185
3N1E-2
Patuxent (?) formation:
Earth and clay....oooviiveneinnnninnnnnnnnnnns 31 31
Pre-Cambrian rocks:
Hornblendite. .. veveerevnuenenienennennrnnnan. 28 59
Gabbro. s v veeiieiiiiiinnieniiiteiieennenennns 10 69
Hornblendite. .vveueieenenenrnnennneeennnnnnns 56 125
a0 006 a0 60 0666800 000 0006000 56 a8B 86006 e 24,5 149.5
LT 3 o T 5 164.5
Hornblendite. .. vveeeveevirnensecenenennsannns 16.5 181
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TABLE 16 —Continued

Gabbro......eu.. e et rs ororeissoperamarsyers [ofefexers] o or P o IS
Hornblendite

3NIE-3
Patuxent (?) formation:
Topsoil and gravel
Sand and gravel, coarse
Pre-Cambrian rocks:
Rock, soft
Hornblendite

3N1E-4
Pre-Cambrian rocks:

3N2E-1
Patuxent (?) formation:
Sand, brown and gray; clay

Sand, brown and gray; clay and gravel
Pre-Cambrian rocks:

Rock, decomposed
05 Al 556 60 6,010 0 40 0 SO0 00 O AB 0o FEBAE 58 o 00

3N3E-1
Patuxent (?) formation:
Clay, sandy, yellow
“Quicksand”’
Sand and gravel, coarse
Pre-Cambrian rocks:

Patuxent (?) formation:
Clay, sandy, yellow
“Qui cksand”

Sand and gravel, coarse
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TABLE 16 —Continued

Thickness Depth
(feet) (feet)
Pre-Cambrian rocks:
Rock, very hard......ccvvvviiineinnennnennnes 30 100
IR %y 87 01 8Edh oBlonn0 6 0 40 00 06 0000 0Hh 000000 12 112
Rock, very hard....ceicviieincnnnnnncenenanes 112
3N4E-1
Pre-Cambrian rocks:
Clay, red and yellow.ieeeeeerennnneceannenens 65 65
RO Ekm10x7e o 010 011 5310 [ TOTF 0 ) TTHITFES S610 5 56 o # STSETST1E 94 159
AN3E-1
Patuxent formation:
Ellay, Bl e rriiar - o ol & . 20 20
CQUIcksSANd” cveieeeeeeetoaenaasacscscscsnsnnse 15 35
Sand and gravel (water)...ceeeeeeencenceenees 3 38
4N4E- 2
Patuxent formation:
SULTACE L. - cre e+ /aleloreie selals/slsfelslole o ofole o ole « o/afe o o/sle 8 3
@y, Ted. .o -isre o sisrelaralalelerereiarste Mate'ste o o o sl o ¢ oi0 45 48
Red ochre..iieeeernereeeececeeecrocccnnceens 2 50
Gravel, cemented..... R 00 00 0 RIS (NS 10 60
Clay, blue ““minebank,” with iron ore......... 40 100
Sand; gravel, fine (wWater).eeeveerseenceeooes 8 108
Pre-Cambrian rocks:
Sand and clay, micaceous (no water) (rock at
112 FESE) el e s o otelererolsIoFatele sherererere o o slerels o o o » 4 112
IN1IW-1
Patuxent (?) formation:
Sand, light......cciiiiiiiiiiiiininnnnnnnnn. 54 54
Clay, yellow..ueueeeeeinoiennaaneoonnannnnns 11 65
Pre-Cambrian rocks:
Rock, gray, soft......oiiiiiiiiiiiininnnnnnn. 15 80

Rock, harder (water)...eeeveeeeeeeoenenenenn.

.........................................

INIw-3
Patuxent (?) formation:

.........................................

...................................

...................................




366 GROUND-WATER RESOURCES OF THE BALTIMORE AREA

TABLE 16—Continued

Thickness Depth
(feet) (feet)
2N3W-1
Becent deposits:
060 0% 00003006000000 0006 SE000ME . 55 00088 23 23
Pre-Cambrian rocks:
Boulders. . cueueueeeeooenerereasnscennrsnsnnns 26.5 49,5
Rock, weathered and fractured................ 51 100, 5
Pegmatite....... ©06000000000000000 5 ddo 0dBEB6 000 8 108. 5
Gabbro, iron-stained, fractured.............. 24.5 133
GR TSN o S o o ST ele oloTale] o STore o/« 5iaTe sgorslote « STolelele 136 269
2N3W-2
Pleistocene (?) deposits:
Sand, clay, and boulders.........ccvvvuuuess. 15 15
Pre-Cambrian rocks:
Rock, disintegrated......oceveenneeeoessooens 20 35!
LY 3) o3 o 235.5 270.5
2N4W-1
Pre-Cambrian rocks:
) B0 0b a0 o b e B A e 29 29
Serpentine, weathered.........eevvveeeennnnss 3 32
SETPENTITIC. iele ae/eleiole o o ool olefels olololo/shersie s(ole olo o als 82 114
Metagabbro. .vuveieeeeeieinreeneeneonnnnnnnns 10 124
SeTPENtINe. ccvuvruneroreoenesocsoossaasnsoses 16 140
Pyroxenite......... 500000000006066633360 00500 42 182
Serpentine. s, seererivesccnaceecnneanonoaenns g5 191.5
Pyroxenite..cieseieieeresnnsenessscnasccancans 41.5 288
Serpentine......eeeeeeos 50¢ 400G 00oododda 50 dolo 80 313
3NIW-3
Patuxent formation:
Rock, s0ft..iiiiiiiiiieeneeenececnesncennnnns 50 50
Pre-Cambrian rocks:
GNeLSS.eeiuieeenereneoeceneessessseennsncesnas 125 175
Hornblende schist....veeveeeeeeeneeeenonsnens 125 300
3N1W-4
Patuxent formation:
Clay, sandy....eveeeecreeeenecsesseonsannsansn 45 45
Pre-Cambrian rocks:
Gneiss clay...uiiiiirienernernneeoaeneeseanns 125 170
Hornblende schist....eveeeererevnnnennenennses 172 342
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TABLE 16—Continued

367

Thickness Depth
(feet) (feet)
3N1W-5
Pre-Cambrian rocks:
“Rotten rock” tiveeeeceneenecesosncnssscoonns 50 50
Hornblende schist....ccevveieenenernnennnnnes 155 205
3N1W-6
Pre-Cambrian rocks:
Clay, brown; mica....eeeeseecsoceoscsscsnneen 10 10
Clay, brown and white; gravel; mica.......... 9 19
Clay, white; MiC..eeveeueeceesoonsoeonosonns 30 49
Rock, disintegrated......ceeveeeeeeeeeccneses 15.5 64.5
Gneiss.ieeecescesonnnnns 000000008 38450 6 11.5 16
Pegmatite. . ueeeieeeeecenroncsnnnncsssessnnos 10 86
(GCTISSES lalele) o oe o = o o sTotalolole]s) & aiaiaialole oo o olaiore]e/olols o 61 147
Pegmatite. oo eeenseieinesesnssnssosnsonseses 9 156
1550000000000 60606000005 AB060 00 B0BAE B8 6 AT 21 177
Pegmatite...ooceeeenenn 00000000 0000000000030 o 9 186
(NEisSSieescnsieerieeeeconsronnneronessenconns 21.5 207.5
3NIW-7
Pleistocene deposits:
Sand, brown; traces of clay and gravel....... 5 5
Sand, brown; traces of disintegrated rock.... 7 12
Pre-Cambrian rocks:
GNeisS..cuieiiirorsnecrosnsseesosonnnsennasss 19.5 31.5
Pegmatite.sssreeiseeccennnnas 000 b 000006 0000000 4.5 36
(€9E1E860 65000 006603060060 060000 0000000005 860 16 52
Pegmatite. o et eieeareeesrecoscnnsennnonons 4 56
Hornblendite. .voveeereverenenosensnnnannnnnns 7 63
Pegmatite. seesireeeereneneeronssoennonssans 10.5 73.5
Hornblendite.....cvuvineneeneenernnnnneenns Sl 110.5
3N2W-6
Pleistocene (?) deposits:
(CI0 0000066 00060080068 80003060 66 006000 00 o 7 7
Sand and clay..ceeieieeereenrriensenosnnnneas 4 11
Pre-Cambrian rocks:
Pegmatite. ooieisiiiieeneencennnnnconsonnnnns 67 78
Hornblendite. . vuveerivereieenenessenneeonns 13 91
3N2W-7
Patuxent formation:
(Not reported)..ceeeeecesosnonascanonscoconss 35 35
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TABLE 16 —Continued

Thickness Depth
(feet) (feet)
Patuxent formation and pre-Cambrian rocks:
Patuxent formation and weathered rock........ 110 145
Pre-Cambrian rocks:
Relay diorite..ceeeeeeenriecnrosannsnnnsnnnns 65 210
(Not reported).ccececeneccecorcaccscscnnnnnas 30 240
Gabbro...ccieecieesnneeonscenrosnssnssnsnnnses 10 250
Gabbro (less weathered).......eovevevennceens 50 300
(NGt IEERORtEd) s« Seniof & s & Fse/s s sTef s [o/5Tsls oo o[ 5 305
Rock, hard, in stringers; quartz and feldspar 15 320
Gabbro (less weathered)....cceceeeeeeneecences 6 326
3N5W-1
Recent deposi ts:
Stone, crushed; concrete......eeeeceeeeeeeess 0.5 0.5
Pleistocene deposits:
Clay and sand....cociviiinenieieennccnnnnnes 8.5 9
Pre-Cambrian rocks:
Serpentine, soft rockice.eeicieeiioceccocsnens 20 29
Gabbro, fractured.......cceveeeeecnencnensans 11 40
Metagabbro, fractured....ccceceveeeenceennnns 68.5 108.5
Fresh gabbro, some fractures.......eeeceeeees 75.5 184
AT OIREE AN e Nttt fore o oretero o arotals oiofo o lololoTore 5.5 189.5
Metagabbro....vcveeeeeineeeennccnsecccnennaes 10 199.5
Metagabbro, leached....cc.civeenenceececenenss 11.5 211
Metagabbro.i.eieeeeereoeenecieesennnannnnnns 30 241
Metagabbro, fractured........cccvvveiiiinnnns 17 258
WS 915560000600 500 668668660858 56000000000 15 273
Metagabbro, fractured.......cccvvivivenennnss 6 279
4N3W-1
Pleistocene (?) deposits:
JEH15 56000 0086 COBBEE6 B B0000E BEOaaaE0605 0 30 20 20
Pre-Cambrian rocks:
SR NEUE 980 00 0 008A0 0806 6 80 2088808080806 0000 00 0 83 103
4N4W-1
Pleistocene (?) deposits:
Sand, clay, €tC.ciiveeereeeeecenncceanonanans 40 40
Pre-Cambrian rocks:
Gabbro, diorite, green........oieveevennnanes 150 190
AA-Ad 1
Pleistocene deposits:
T 15 15
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Thickness Depth
(feet) (feet)
Patapsco formation:
Clay, red.ieeeeeeeeceesenccescssessssssannnnes 23 38
Conglomerate.. ..cveeeeeernecreencncocncennons 2 40
Sand, medium. s..veerennereerinnnnnnonnnnenns 23 63
372116 0000000800 OB B0 b JUTISHEARE— [ S | 2 65
S AN EOCK oo e e e LA To o ls1eFe  SToTe o[ole = o s [ale ol o o= staleie e 6 71
Sand, fine.ieciciiiiiieiiiiiieeeireinnnnnnnes 22 93
Sand rock...cecveecieiiiienssionnsenasonsas 00 18 111
AA-Ad 2
Pleistocene deposits:
Topsoil and sand........eevnevrnnnnnnnnnnnnn 6 6
Clay, sandy; gravel....cceveeernnncnnnennnnnn 4 10
Patapsco formation:
Clay, red, hard.....ccviviriinnennnnnncennees 6 16
Sand, white, fine......eeeveeenneecnccocennns 2 18
Clay, white, soft....ciieecceenccnncnnnnnnenn 12 30
Clay, sandy, white, hard......cceeeveveennnss 17 47
Sand, brown......ccciveiieecnroeeeecssononses 18 65
Sand and gravel (Water).......oeseesceceenses 30 95
Clay, White..eeuiereeseosonseraannssoonnanans 12 107
Sand, silty, white...eeceeeesenosonnneannnons 12 119
AA-Ad 8
Patapsco formation:
Loam, sandy....cienieceneeeeeiocnenennnnnnnns 35 35
SGbo 000600060000 0000000 60T0 B CTAE 500 00 CB 000 6 41
Sand and gravel.....coieuciiinennennnnnnnnnnn 39 80
Clay, white...ovceniiianeronnssosnsscecsconss 50 130
Clay, rede.cvoeennnn. oTorofeYe oo Yo R | 24 154
Arundel clay:
Clay, brown, dark and drab, very stiff and
(7 « 46 200
Patuxent formation:
Clay and sand, brown......cveeveeevvrnnenens 15 215
Clay, sand, and gravel, brown.........c..c..... 20 295
Sand and gravel.......coieeiieeninennennnnnes 6 301
S6l 000 000 000 000 9800 6.0 5000 00366 0B 0000 00N 4 305
Clay, brown.....ceceeecececcncceecencnnnannns 25 330
(CIEST, § 26k 60000 6660000 00303000 6 4006300 bAB6 60 2 332
Clay, brown....ccieiiiiinerececenncnnnnnnannn 18 350
Clay, sand, and gravel, white........ccevv... 27 317
Sandstone, brown........ceeeeee. STSTETe s aTSTETETS 4 TTe 8 385
Sand and gravel....oeeveeeieeieneinensnnnanen. S5 390.5
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TABLE 16 —Continued

Thickness Depth
(feet) (feet)
AA-Ad 9
Patapsco formation:
Loam, sandy........ 000000 CIAA3088AEA0ERE 0 oo 34 34
Clay and gravel.....oeeeieeennennnoecnennnnns 14 48
Clay, white............ ©00000006000000 06 0B Os 15 63
Clay, redeceeceeieeeeennenecncnnes o TSI IeTe o o e 14 77
Clay, blue.ceeveiriiieeeenennnnns B8 8880 6 0006 13 90
Sand and clay...ciieiieeeneeiieeneocnecennes 59.5 149.5
AA-Ad 10
Patapsco formation:
Loam, sandy...eeeceeeeneeenienneneeneeneenons 20 20
5711 Vs 0000300000604 80600000 9 29
Sand and gravel.......ccoveveeeeennneeneananss 9 38
Clay, white..ieieeereonenneenneeenennennnenns 9 47
S0 566 06000 00000 B0 OB 000 0ok AP ARG ook 55 102
Gravel, iron-cemented.......e.ovveeveenennnnns 6.5 108.5
AA-Ad 11
Patapsco formation:
Loam, Sandy...c.ceeeeeeeeeeecencoccoconsnnees 20 20
Sand, coarse, sharp.......ccceeeiiinnneenenens 10 30
6 ) 4 34
Clay, white..iiieiioeeunneennenenonncnsoanns 13 47
Sand and clay...eeieieeeiiiteninenenaoeacanns 48 95
Sand, fine (Water).eee.eeeeeeeeeereseooooanss 11 106
Clay, sand, and gravel, white€....c.cceveeeeo. 22 128
SANA< /4 ¢.000 010 alolals ate.o/elsTorelelolioa o5 sisiaiaa « oate o ol o 23 151
Arundel clay
Ol ay, T ds oo o ookt o1 o (st s s otsioroiolotor obete ot Tore TS 9 160
Arundel and Patuxent formations
Clay, Brown.......oeeeeiesnoneoncoeooancnnnns 83 243
Patuxent formation
(ST | NN 12 255
Clay, redeeeeeiiiieneaneeeneeneerenennncnnns 7 262
(NOt TepoTted).uceeeeeeeeeneeenceonosonnsansan 38 300
AA-Ad 14
Wal=1¥0 000 MO0 0000080080 30 85T B00 08 2 580 o A8 B TG 9 9
Recent deposits:
River mud, soft..... DT O R OO ED00 oD 8 17
......................................... 5 22

.................... 13.5 35.5
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TABLE 16—Continued

AA-Ad 15

Thickness
(feet)

Recent deposits:
“River mck,”
Patapsco formation:

Sand,

mediun to hard

Depth
(feet)

24

32

41

AA-Ad 16
Patapsco formation:

AA-Ad 20

Cretaceous sediments:

Sand and gravel
Mud and sand

Clay,
Sand,
Clay,
Sand,
Sand,
Clay,
Clay,
Clay,
Clay,
Sand,
Sand,

sandy, white
fine; mud
red and white

sandy, green....
fine (water)
medium (water)

AA-Ae ¢4

Pleistocene deposits:

Patapsco formation:

Clay,
Clay,
Sand,
Clay,

white, hard
sandy; brown streaks

white; drilled hard
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TABLE 16—~Continued

Thickness Depth
(feet) (feet)
92
97
113
123
134
140
143.6
146
147
152
154
161
164.8
167.9
169.3
178.8
179
179.5
182.3
184
193

Sand and gravel, good

Clay, white, hard.......ccevveuennnencenes Y
Sand, brown,

Sand, brown,

Clay, white,

Sand,

Clay,

5
FNEPCN

et
O = O W =1 B Ut DN WO
¢ & e e .

brown, free............. 0G0 00 66600060 o

.
~ 0O Ut BN~ D

red, very hard............ D0 0000AB0000 o
Sand and gravel (water)

Arundel (?) clay:

O — N
* e .

195

Pleistocene deposits:
Clay, yellow, soft

Sand, yellow, soft

Clay, blue, soft

Sand, yellow, soft

Mud, black, soft
Patapsco formation:

Sand, white, soft

Clay, red, white, hard

Clay, red, hard

Clay, sandy, white, soft

Sand, white, free

Sand, brown, free

Sand, white, free

Clay, sandy, white, soft

Sandstone, white, hard

Clay, sandy, white, soft and hard

Rock, very hard
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TABLE 16—Continued

Thickness Depth
(feet) (feet)
Clay, sandy, white, soft.....iceeininncennnnnn 5 177
Rock, very hard....ccceciineiennnnnnnnancnens 4 181
Clay, white, hard......civeeeeeenececcncconnse 2 183
Sand and gravel, free......cevvviiivncennnnns 6 189
AA-Ae 11
Pleistocene deposits and Patapsco formation:
(Gl 81510t 0 566606 66660 600006 608 860 8000068880 0 40 40
Loam, sandy....cecececeecsceenceccccccnccanns 29 69
Sand and gravel.......i.iiiiiiiiiinianinnnnn. 6 75
AA-Ae 12
WatET . (oo 1o 5 o1 s 5 s s S Fens ST ohspals oo [To o o o o & o TRL[S[O]3 21 21
Recent deposits:
“River muck,” SOft...ieeecerecsceccacacsnans 6 2
Patapsco formation:
Sand, fine; clay and gravel........cceeeuuaee 3 30
Sand and clay, medium hardness..........c..... 6 36
Clay, white, hard. ....oveeiieneeceeccecacannn 2445 38.5
AA-Ae 13
M E 00000006 0000086 006 00 600 660006000060000 00 21.5 21.5
Recent deposits:
“River muck,” SOft...ieeeeseecscssecsaconans 6.5 28
Patapsco formation:
Sand, fine...cceeiuieerrrrrnicescerosscacennnns 2 30
Sand, fine, medium hardness.......ccceveeeces 5 35
Clay, white, hard.......ciiiviienerenceencens 4 39
AA-Ae 14
WA T ereyorsrs  s1ers 6 a1 SToToToTeTs [T e e T TT3T01s 5% o @ o & 22 22
Recent deposits:
“River muck),’ S0ft...cceceeceeeraceccscannans 15 37
Patapsco formation:
Sand, fine....ceeeeeeencecccannnnes e ek 6 43
Clay, moderately stiff....cieeeevececcccennns 9 52
AA-Ae 15
W35, 0000000 00008000 8 6 680 0 6.0 A% 000 8 00RA000 3 21.5 21.5
Recent deposits:
“River muck,” S0ft...ieieeeecenncecnnncennen 9.5 31

Patapsco formation:
Sand, fine, medium hardness.....ceeeceeennees 2045 51.5
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TABLE 16—~Continued

Thickness Depth
(feet) (feet)
AA-Ae 16
e 00 000000 0 TR OBRL G b o O (N e S 20 20
Recent deposits:
“River muck,” SOft...c.eceeesooneonscecoscss 7 2
Patapsco formation:
Sand, fine; clay...ceeverrreenenenenecrocanes 3 30
Sand; clay, white..o.evieierennoenrennnennnns 2 32
Sand, fine...eciiiiicietoeneenenneceocencnnss 8 40
AA-Ae 18
Pleistocene (?) deposits and Patapsco formation:
1B Yere myareterarsrars srateleie o clojole o sl falslsloloiofele s $Talsle o o/sls 5 5
SHml505000000 000004608 BAARE AEE 06 6 B BO6 000 0oC 6 11
CllE75000 0000000000 A8 05 83800060080 a0k a8 B 00 a 4 15
SAN stelefole Lo 1o oL Lot oimieFebe o etelo o ole ok okole | Sforerorerelololy 5 20
00 - 8 28
Sand..veeieeeceeneeannnns 0660080000b500000 000 7 35
ClEs780000600000 0608600880000 0T8T 0000008 00060 53 88
SE16l460000 00 5000 05BE60 0 00 CTTOBBAIEOT 508 oo S Boa 47 135
Clay, sandy....... FEO0000 0000000000 88500000 5 5 140
S2H615600 00 06 0060030660 A00000 080 5ABBBBO00 6 500 3 143
Clay, SANAY..eeenureeeeeecveoccensacsseneeson 35 178
576000006 506600000000006 BBBALE TaA8 68650604 4 182
Gravel..uieeiiiiineienneenoeeneeeeeeenocnnons 8 190
AA-Ae 19
Pleistocene deposits:
Clay, sandy......cveiereenenececenennnccasons 28 28
Patapsco formation:
Clay.ciieieeriinesseeessaccencconnanennnes o0 34 62
Clay, sandy....oeceeeneeeeoennesencnnanneenas 10 72
1 12 84
Qe 20000008 0 Gan CATE 0 G0 okt A Be o B0 5 00 500 ¢ 4 88
Sand. - . Seperereh o (eferelelel ol sfoiofeTe s o o 2006600006060000 24 112
Clay, sandy, hard and soft........cc.e.. 5o0Tg 12 124
Sand and gravel....... 50000660 00000600 006800 00 11 135
140
142
178
183

194
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TABLE 16—Continued

Thickness Depth
(feet) (feet)
AA-Ae 20
Pleistocene and Cretaceous sediments:
(e, =200 60660000 0000090 00 60,000 00000000000 60 60
Q7606 00000060000 006000060 60000000 00000000060 65 125
Clay, sandy; clay at bottom.....ceceeueennnnn 40 165
CIER756 500060008605 66 2000 20000 0000000060000000 11 176
S0l 0 00056060006 8663000006 00660 0000000806000 00 12 188
(C00 00 00B6006066000066006000000000008000d00 7 195
S&Ml 000 000006000006606 00000060000 0000E 6630000 30 225
CllEhp EECY0606 00000 00306660033 030000 6000000060 20 245
Sand and gravel......ceeeeccecccesccssascnnce 22 267
Clay, sandy...cccecocteancascescscscoscscosss 13 280
S0k 60 0086 600360 056 00 06 6006860606806 60000000 9 22 302
Clay, sandy...ecceececcoocscssscssosscssssses 53 355
SEUY S 56 08 5B006 JBB0 00 00000 B0 000BBE COOBICON0E 9 364
Ell6576 6000666 060 5660 66 00 B00BB06 0o JGID 06 OARE 3G 5) 369
Sand, gravel, and boulders.......ccccevenennne 21 390
(ClEW50 0066066 00006000 00 00 A6 00 86 606 600000 000 10 400
AA-Bb 5
Pleistocene (?) deposits:
S91l6606 000000006 0600 600030000600 0000300000 3 3
Sand and gravel.....ccoiiiiiiinenencccnnnnns 27 30
Patuxent formation:
Clay, blue; clay, white, in streaks.......... 20 50
(CllERp = T HE606 000 86086 506 608000 000 I060 0000 14 64
Clay, sandy, white (some water).....ceeeeeese 24 88
(CllEy7, ' S {E50006 000000600 0008006000 000803000000 2 90
Cllz%7, #6Tb6000600000006000000006000000000000004 42 132
Clay, light blue....cvciiiceceieencnnnsannens 10 142
Clay, blue, stiff..icceeiiiiicennnnnnccecennns 6 148
Simely BIE66 60000 000690000 0000000 603006 J00000 4 152
Clay, blue and pinkeeeeeecocscocososoossnnsns 5 157
Sand, medium fine (water).....ceeeese 00 300000 21 178
Clw7, DIlvEE6a60000060000000960006069000000000 12 190
Pre-Cambrian rocks:
B5ER0 0 00 600 0600006866000 00000060006000 0000 000G 9 199
AA-Bd 1
Patapsco formation:
ClE570 6000000000000 0 BH0000 86600 360060000 5800 00 42 42

Gl | A5 86 ABBED Ao 60000 060 0000 8000 000 J00as 23 65
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TABLE 16—Continued

Thickness Depth
(feet) (feet)
AA-Be 4
Patapsco formation:
Sand........... 00C0006006000006000000506000606a 17 17
Clay, red...oeiiuiiiineeiennenrinennrnnennanss 73 90
ST To | R SR S e R 2 92
Q000 0000006600800 JOO00000A0R0 A0 00 500080 ob 25 117
Sand...... 0000000000000000000060000000306060000 8 125
AA-Be 6
Raritan and Patapsco formations:
(Not reported)...vueienneneeennennnennscnnnns 60 60
Clay, redi..ccveeeiiiinenniernrreenscnnennnns 35 95
Sand, white (little water).......cceeeeeeees. 5 100
Clay, blue...ciieiiueienenneneeneeneesennnnns 25 125
Sand, iron-crusted..........cveevrnnnncncenen 1, 126
Clay, White.ieeeeeeeeneeuesoeeeneeneesonnnnas 8 129
SBRAL T L TPl Feks e = mioseh oro o o o sioso/ oLV LT 2 131
Clay, sandy........ 0000606006 080G 00000000000 14 145
AA-Be 7
Raritan and Patapsco (?) formations
Ly S et o e T o rererors Cono ol Toeke » o o Foker XY oPlererdhs 3 3
Qe SEUIGETT B ot 56 8 50 06 0806 8000Hb 080 A6 6 A 80 b 5 8
Sand, fine...veieeieeinrinreeeennnnnnceoanees 8 16
Sand, White...eeusieereesrneeeneernnnessonnos 9 25
Sand, COAISE.uueteeeesnueeensnsssecanaeensens 11 36
Sand, FINE. o/ole o 0laeltiaieialotolote sioie s olaiats sleole slatalolo e s 10 46
Clays) LR vuls uiels o oo letelelsisio ol orois slaisi oo lskslslatatetetls 2 48
Sand, fine....eeeeiieiieeinrrennscennesosaanas 6 4
Clay, White...useieeveeoeneereeeesenonannesns 3 57
Sand, fine....ceviininiieennnnnn. 0000 00000 10 67
Clay, yellow..ueeueeeieneenrneesovessonnanns 3 70
Sand, fIne..uicuneenniieeiiieneniirinnecnnnsn 10 80
Clay, yellow........... LIEE WEC CB8L dooo oo 1 81
Sand, fine....eievvirerrnnnnnnn. 00000080k 0000 UL 92
Sand, COBPSE..ivuieuennnneeonnnennssnnssannnns i 99
AA-Bf-2
Raritan and Patapsco formations:
Sand, yellow, fin€.....cceeevvieveeenceonnns. 40 40
Clay, red and brown......ooieeeeveecnnnnnnnss 235 275
Sand, COArSE....eeeenneneeseesssessnannaasass 80 355

Sand, fine...iisiieeiieieeeeeiiierennsssacnnnes 5 360




LoGs oF WELLS 377

-

TABLE 16—Continued

Thickness Depth
(feet) (feet)
Bal-Ea 1
Pre-Cambrian rocks:
Clay; rock, soft..ciiiviiiiiiccencnnnnaannnns 10 10
Rock, fresh, iron-stained.....cccceeeeececaes 8 18
Quartz layers...oeeeeeecccsccsesccsansscsnnes 16 34
Mica sChist.eeeeeceooeoecncacasasanssaassnnns 9 43
Quartz layers.....ceeocecceacessassscsancssns 5 48
Mica schist.ieeiieeeiereeeoennroannancaaansns 36 83
Quartz layer....ooeeeeeeceonns 6000660 6060000060 5 88
MR EEMER &0 0 00000000 08000006 60000 8806 Sool 00T 12 100
Quartz layer.....ccceeeeececcccccccncccnnnnas 7 107
e ST, 0000 60806000000 50000 0000DJIT0000C 10 117
(0 Ve 3 T e B O GBBE Be OB 8 8o 886 00aA300800 o dB8aaBas 16 133
Quartz lenses...cceeeeececeeaacescasssssascnss 10 143
Mica, small...oveeiieinnrinnnnnnnceanannannss 10 153
QUATEZ VEIN. ..o eeeeeeoaaoeassassosasonsssnans 10 163
@Y EvPE NIENE 0 86 0 060 0800 98006060 0008060083000 10 173
MR EAISETIEEA0G 0o b BBoBo 00 080 oo B A8A8A0 000600 4 177
(0 TV ora oM 8 0 6 0 AR 0.6 0560 A 6 86 0 060 000 ots AnNNRans 10 187
QUATLZOSE. . e eeeeeeeececacnosvssoannsaasaasans 9 196
Mica schist, crinkled bedding........c00vunn. 6 202
Bal-Ea 2
Pre-Cambrian rocks:
1327°(HRs 0 0 000000 00 06 66060066 006000660000000000000 45 45
Schist, quartzose, massive, iron-stained..... 26 7l
Schist with garnets, iron-stained, fractured. 10 81
Schist, iron-stained...eeeeeeceecccscaceasnns 45 126
Schist; quartz layers.....ccceecieeececeeccnns 10 136
SN P raaE 0B 0.0 6ol b 080 68 0 0606 G000 60 6600000 10 146
Schist, fractured, much iron stain, tourmaline 10 156
Schist, iron-stained, fractured.......seeesee 8 164
ST 08000 00080096000606 60 500 60 368080886400 26 190
OEVHBH5 000 d00 0 0 ABBS 2060 BA OB 00 0000 I8 8000 8000 2 192
SEllGE, 2 0sEleElel BB B8 60 38 I80 600 0860008808000 14 206
SIS Berstelels ST i « F Ao LR e LT 18 224
(antz Layerst ol . i o iefelofttelole cleflakerelels Selotele o ok 8 2
SEhAIS b e erere FXeIeTeTeTeTe 5 550 + & & o [SJsITXOTTTS TIRTONETOTERSTSTaIS 43 270
Bal-Ea 3
Pre-Cambrian rocks:
Clay and sand.......cccvveeennnnnacasaconnses 1 1

Mica SChISt.iuieeeeeeeeeoeacoesonsoannasanaans 1 8
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TABLE 16—Continued

Thickness Depth
(feet) (feet)
Mica schist, iron-stained......ceeeecececenes 8 13
Mica SChist..iiieeieeeeenneceosesenceonnnnans It 14
L0 o 7 21
Quartz layers...viieeeeernieenseeeienancennans 4 25
Mica schist, iron-stained.......coceeeeeeccnns 5 30
Mica schist; quartz layers.......ccovveennnns 10 40
Mica schist, COArSE....cveveevereseneoneannan 33 73
Mica schist, coarse, crinkled.......ccveuunn.. 41 114
Bal-Ea 4
Pre-Cambrian rocks:
3 o 28 28
Schist, weathered.......ciceviiiiiecnnnnnnnns 1 29
Schist, iron-stained, friable.......covevvee. 7 36
Granite, pegmatite......eeeeeaccssnnnssannnns 1 37
Schist, quartzose, COArS€........cceeeeceeens 111 148
Bal-Ea 5
Pre-Cambrian rocks:
AT thE Ay, B L N Aereterararalale sTeveresTele o o o o o o Slovalerete ol 5 5
Schist, weathered......ccceeeeeeecnenceancns 3 8
Schist, iron-stained.....ceeeeeecececnocensans 26 34
Schist, qUArtzoSe....ccevsveneevesancaseannns 158 192
Bal-Eb 1
Pre-Cambrian rocks:
(Not reported).ceeeeecercecesssccasscscsannns 32 32
Rock, disintegrated (water)........ceeeeeeveee 1 33
(Not reported)..cceeeveevececncecceecennnncas 9 42
Rock, disintegrated (water).....c.ceeceeeeees 1 43
(Not reported)..ceeereeeecesnesuarancoannnsnes 7 50
Rock, disintegrated, less permeable.......... 1 51
(Not reported)..cccceeeeeeeeencceansenncenses 11 62
Schist, weathered......c.ccevceeececucccancans 1 63
(Not reported)..cciiiiieencenacnseransnnsenns 9 72
Schist, slightly weathered, iron-stained..... 1 73
(Not reported).e.ceeeeeeceeeeeeneeessenasenanns 2 75
Schist, very slightly weathered.............. 1 76
(Not reported)..cccieuiinienuennnienaconnnans 1 77
Schist, slightly weathered..........cccovvne.. 2 79
Schist, with quartz veins........eevveeeennn. 1 80
(Not reported)..ocvceeceeceeceecenccencncens 3 83
Schist, iron-stained........cceeceececcnceses 5 88
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TABLE 16—Continued

379

Thickness Depth
(feet) (feet)
(Not reported)..ceeeeceececocccncnns 50000 8800 2 90
Schist; many qUAartz YEINS.....eeeeeescsconess 6 96
(Not reported)...cceeccncececaceasoannannanas il 97
Schist, fine texture....ooeeveeeeeeceenennnes 14 111
(Not reported)..coessieesnsncennsnnsnsnnnnnns 1 112
Schist; qUArtz VeiNS....eseeecssescssceseoans 13 125
(Not reported)..eeeeeeeeeeeceeenrennoeeennnes 1 126
Quartzite, dense....ceveeeeeeeonnnooaconcocnes 3 129
(Not reported)........ STo) ele ool o o) el o]s ¥ e o oo oleloole] oo 1 130
QUArtZIte. i vuvnnnecnoacasocsasanssanssanasans 15 145
Schist.ceeeeeresesasessescssoscsssscssssasssnnns 12 157
(NeE MEeoEEE)B o000 00660009B00060060 90 00000Ka 1 158
Schist, dense..eveereeueerensooeocsnnoncans 506 67 225
Bal-Eb 2
Pre-Cambrian rocks:
Earth....veveeecieeneeereeecraceocanennannnns 76 76
Granite, Pegmatite...cceeeessossoosansansanss 21 97
Mica schist, plane-bedded.........cccvvunnnn. 5 102
Mica schist, coarsely crinkled............... 4 106
Mica schist, coarse.....coeeeevnecececnceceas 12 118
Quartz layer...eeeeeseeescessonosoocssnncoes 9 127
Mica schist, COArSe....c.ceeeeeecececocsencens 49 176
QUATEZETTs o 1o 7510 5 o5 2elelololo[E (o5 31 & [o ololelelel ¥ o TeTeTelels 2 178
Mica SChist.u.iieeeeeeeernneencecnncacnnccnns 19 197
Mica schist, crinkled.........ccvvveevnennnn. 18 215
Mica schist..iiiveeceereeneeeneecnccescanonne 33 248
Mica schist, crinkled....ccvviueiriieennnenness 6 254
Granite, PegmMatite....cceeeeereceasoasaonnnes 4 258
Mica schist, fine, massive..ceceveceveoonenns 10 268
Mica schist (pegmatite granite - 6 inches)... 37 305
Mica schist, medium coarse, even-bedded...... 14 319
Mica Schist..ieieeeeerennoooecececccnncaceens 23 342
Bal-Eb 3
Pre-Cambrian rocks:
SEREl obboo 600000003806 0080006 056 J6a00G00A0000 11 11
Gabbro, iron-stained........eeeeeeececsconess 4 15
Gabbro, coarse, mottled....ceevveeeerenennsas 16 31
Hornblende gneiss......vieviveeerceosensanans 13 4
Gabbro, coarse, mottled......covevennnennnnsn 166 210
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TABLE 16—Continued

Thickness Depth
( feet) (feet)
Bal-Eb 4
Pre-Cambrian rocks:
Sandfend cliay, L&A o aalsle sl s s sfslelslsslelsiaists s 22 22
Rock, disintegrated; clay....ceviveennsannnes 16 38
Rock, disintegrated.....eceeeeecescaceanassans 8 46
M@ HE M0 0 6000 6080 086 3030000088 08080066 00 do 6 52
(0VEYeen 6 66 0 00000 0 0OBBEOEE 0 BEBEG BHGEEE SHHs 4 56
Mica schist, coarse, iron-stained.......ceee. 6 62
Mica schist, fractured, iron-stained......... 4 66
M CAlZS CIY BBt Fo¥ele < fa¥ala faFe,a e arata) o aiars aa0 ofaja e slopaie 5 71
Mica schist, crinkled..coevevrieennnnnacnannns 67 138
Mica schist (pegmatite granite - 4} feet).... 15 153
Ml A= ChIIS G 2 o rrararagerata o a o e iafefoka atalafatutel e o skotale 14 167
Mica schist, fractured, some cement.......... 6 173
Mica schist (pegmatite granite - 6 inches)... 6 179
Mica schist, medium-grained.......cccvveeeess S 184
Mica schist, crinkled....ciceiieeenceenecnne 00 61 245
Milcad schilStatarlelor. o o/e/os) crera s areme 50000100 G0 006 0 G 47 292
Mica schist, crinkled...ceeereececenecnncanns 17 309
Bal-Eb §
Pre-Cambrian rocks:
Clay and sand...ceveennecearennesscesssaanaas 10 10
Sand, mica; traces of clay...ceviviiieccannes 24 34
Rock, decomposed.......ccoeeececcecncanccans 10 44
Mica schist, iron-stained, weathered......... 10 54
Mica schist, coarsely crinkled....ccceceenass 5 59
Mica schist, crinkled..ccececececcnanones B oo 26 85
Mica schist, fractured, some cemented........ 10 95
WS E 80 00 008000 BooIB0 B H60 083080 00 8000 a0 51 146
Mica schist (pegmatite granite - 6 inches)... 8 154
WA EEW EE (%0 0 0 400 688 880080 086I0 83080808 60 Sats 131 285
Bal-Eb 6
Pre-Cambrian rocks:
Sand, clay, and small stones........cccveeen. 10 10
LinEH e SEs 0 06 00000 080 H0000 8000088300005 800 30 4 14
Mica schist, iron-stained, fractured......... 4 18
Mica schist, iron-stained.....ceeececeeccaces 9 27
MR GE RS 0 0k 0000 0800400 ool acatE odo 4t 0000 3 30
Granite, pegmatite. .. ceesecesscccscncancanas 3 33
Mica SchiSt..cceeeceesersnenaacnssassssnnsnans 6 39
Quartz layer.....cceeeeceeesasesrosssncnanoes 10 49
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TABLE 16 —Continued

Thickness Depth

( feet) (feet)

Mica SChist.uiveeerennesoeceeensanenncoooonns 40 89
Granite, Pegmatite......eeeeceecesncsacansnes 19 108
Mica schist.ieiciiiiiiiinnrianneneoosooesnnns % 115
Granite, Pegmatite...cceeeeoececccccsceeonoos 6 121
Mica schist..viuieeerarroseeeoceeooececnnnes 24 145
Granite, pegmatite, intercalated............. 10 155
Mica schist (pegmatite granite - 3 feet)..... 10 165
Mica schist, fractured......ieeeeeeeneeennnes 14 179
Ml a S el L Bt erererer srererero et Pree 11 190
Mica schist (pegmatite granite - 1 foot)..... 10 200
Rock, SOft.seeeeececeeereeeccensecncncceacnnse 25 225
Mica Schist,.ueeeereeeererennccescncocensnons 25 250

Bal-Eb 7
Pre-Cambrian rocks:
Clay, red; gravel.....ccceeeeeeeeceennnanaeen 10 10
Clay, yellow..seeoreossnnosssansassnesosssons 22 32
Clay, red and yellow......occceeervecencnnces 24 56
Hornblende gneiss, contains garnet........... 8 64
Hornblende gneiss........eeeeceecereceecannes 10 74
Hornblende gneiss, fractured.....cceceeeeeee. 6 80
Gabbro, mottled...coveeeerenceceesoncesscnnses 31 111
Quartz (gabbro sand)......eceveennreneeneanns 6 117
Gabbro, mottled...eeeeeeeeereeeeneeoneencens 8 125
ISARF ey (10 06000000086 0000 000 0000630 0000 7 132
Amphibolite, fractured.....eoceeeeveeneecennn 58 190
Gabbro, mottled.s.e.veeeesenseaeenncancanaenas S 195
Amphibolite, fractured, some cemented........ 22 217
Gabbro, mottled..coveveeeeeneecnsonnancncanse 14 231
Gamet gabbro, steep fractures............... 14 245
Mica schist, contains gamet......ccveeeeoess 35 280
Bal-Ec 1
Pre-Cambrian rocks:

IV E00 0 08080 0000600 ME IR e BE6 68 OB ona s 0o 0o Tas 11 11
Rock, fine-grained........c.vceeeeeecccccccces 96 107
Hornblende gneiss....ccevveceraecccacaccnnnss 5 112
Rock, coarse, fractured.....eceeeeeeeececcens 9 121
Rock, €0arse..veerteereernsecceecnsenennnnss 8 129
Rock, coarse, mottled...coveerveeneeenencenn 10 139
Rock, coarse, mottled, some fractures........ 13 152
Rock, medium-grained, some fractures......... 13 165
Rock, medium-grained, fractured, some cemented 20 185
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TABLE 16—Continued

Thickness Depth
(feet) (feet)
Bal-Ec 2
Pre -Cambrian rocks:
Cliay, redion e s srere/oferars s arars s s/erarerers sraarararare sleralaks 1 1
Clay, green and red....c.cooeeeurenannncannne 6 7
Boulders, broken; gravel and clay............ 18 25
Clay and sand, brown........eceeveeernncnnsss 13 38
Sand; traces of clay.....civiiennnensninnanns 35 3
Gabbro, weathered; soft broken rock.......... 26 99
Gabbro, weathered, cemented and open fractures 6 105
Peridotite carbonate, cemented fractures..... 7 112
Peridotite carbonate, cemented, highly
RiacbuT el Bl AT el Makeaie b oio « o Hireis o o alnialee 111 223
Bal-Ef 10
Cretaceous sediments:
SE T 500000 GO0 00 e T P 5000 0.C 10 10
Clay, red..ciieeiiircernincncssnnnssnsnnsnens 70 80
S0l 0 00000 60 HBBBE b0 a0 B a0 R RS0 0 6 J06000 55 135
Bal-Ef 11
Patuxent formation:
CHaY T e o Blefele o0 ole 0000030000 ©000000000000000 20 20
SEmEls 08600 0 0 0B 8066005006000 0HD IR CORb 000k o o 8 28
GrAVELl:  Forate Tolelelols =)o 1o axa(eselo afala[s[o|fala e[ [afo[s] o alalaas 22 50
Clay, yellow; clay, red; clay, white; some
S A e erare Toe]e Joke) o eMeTeraTarale s a/a 5000 U000s 506060 62 1012
Pre-Cambrian rocks:
[F5E%: 880800 000060 0000000 DR TR A 5 87 199
Bal-Ef 20
Patuxent formation:
SPIUlE00000 00000000 0000 ot SCREEEE TG A8 6 600 8 8
Sand, clayey, brown.....icccieenennaannennnnn 27 35
Gier@ll g ao 60 00a0 0600d80 08860800006 86000 000000 1 36
Sand mixed with small amount of clay......... 34 70
Clay, red; clay, whit€.iiiiivaesinanncsnnnens 61 131
Pre-Cambrian rocks:
Schist.; rock, soft, at 450 feet...ueesueuncans 360 491
Granite (water at contact)...ecceeescesscscass 1 492
Bal-Ef 22

Cretaceous sediments:
Clay, light red...iviiiiiiiiinniannnnasnnnns 10 10
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TABLE 16—Continued

Thi ckness Depth
(feet) (feet)
Sand, fine.....veivvereennsenenns 9000 dMan00 000 10 20
Clay, red....eeeeeeeeeeeeeeseneeenasacnnsenns 15 35
SandStonE. ... seeeeeseeeeeccacacaccasecncnnnns 1 36
Cllaly Geds . leryerwrerrote Ao leie - - 2T -EET- SEREETe o%'e o 3 39
e T s 1 40
Cllalys Ted. . rrereresse sheieisTe « e oo o o %6 n 00 a7 sJo 0 b eeaTs 6 46
SandsStone. .uvieeieretareessssascssenscenennne 1 47
Clayred. Lol e o ot releieie Heiae o o oiore aiafsios e e o o 3 50
SandStone. .uceeeeeeeereceeccrecenccanncecnene 1 51
Clay, red...veeeeeeeeeueeeneeeeneeansncannnes 12 63
SandsStone. s.cueesesecasesscsssssssssssssssnnen 1 64
Clay, red...cceieeeeeeicnecneeenneenenneannns 22 86
Sandstone....vvireiiiieicncnansesisecesnnnnns 1 87
Clay A AT e crersroy ftes (STo[s/oe o /oreto o & o aTeTels s¥ske o ala o/ aTetars 3 90
Sandstone, very hard......cviceieecnnnnennnns 1 91
Clay, yellow..iuveiiieeenieeisacnnennnaannnas 4 95
Sandstone, very hard....cveeveeeeenerceeneens 1 96
Clay, rediccseeereeieceieneccencreccancannnss 6 102
G870 000006 000k 0 00588 bbb 00600 6000 8600000080 1 103
Sand, coarse.....cceeeecceccnn 060 066000000000 2 105
Bal-Ef 23
Cretaceous sediments:
SENG b o BOBRER & aoodt o T A AT g Sy 6 6
Clay, yellow...eeeariaeennraeeneeannneannaes 2 8
SOUGIE0 M 0 0 A OO o APTTIE o PRI,  SSari— 4 12
Cllay, VelOWA i e cikerorsaBhe 52/ala Foie) e iaselogo &) = oot o5 3 15
SEREl06 000000000 04000006 66 860 00 0006a 860 000600 22 31
@Ay T €N Crererarers oo o slel s a folel a o) ofe) o o o oY) o o o o) o5 1 38
Clay, yellow..uieueeneienueinnueioansansnnnss 16 54
Sand, fine...iiiiieiiriinenernosencnnanenanns S 59
Bal-Eg S
Cretaceous sediments:
V7400 6000000000 8060880866 60 5600000 3666 JHHNE 151 151
Sand. st eeeteettetttieettncasenncnncasooenneas 7 158
Bal-Fe 2
Pleistocene (?) deposits and Patapsco formation:
SEG W0 000 ol & S SRR AV O 15 15
(CILET7IS o o O, P A PP A 25 40

S 6k 0000000000000 08600886 5060 060006000 8600 0 5 45
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TABLE 16 —Continued

Thickness
(feet)
Arundel clay:

{3

15

Depth
(feet)

120

135
144
157
158
162
169
175

Bal-Fe 14
Pleistocene (?) deposits and Patapsco formation:
(Not reported).....c.cc.... SEe sTeTSIe s v o aTeTe &7 S[ETSLS
Clay, hard.i.eceeeeeeeeeeeececncnecesnnnncnss

Arundel clay:
Clay, red and yellow
Iron ore

Patuxent formation:

Sand, fine, hard; wood...

Sand and gravel
Pre-Cambrian rocks:

Patapsco formation:
Sand and clay
Sand streaks; clay and gravel
Clay, hard
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TABLE 16 —Continued

Thickness Depth
(feet) (feet)
Arundel clay:
Cllay, WaRd. e rerere e teeeereol= s Lo [s s lslo ks & slais T lslsToks oo ole 37 169
Clay, sandy..c.ccveveeeecensncnscesescssscons 21 190
Clay, hard.....veeeeennenneecesneennsnnnasnss 23 213
Patuxent formation:
Sand, free in places....cceeeiencenennncnnnns 10.8 223.8
Clay,| hard. i aieettenaeaaoesesoenees sl 52, 229
S T IO 00 000 BaaD 000 oo a0 AU B Gh n Bale o 6 oo 2 231
Clay...oceeeenns 5 231.5
Sand, fine, free in places....iveveceennneens 10.3 241.8
Clay streaks; sand.....cececeeecconccoececens 7.2 249
Clay. e ieeneeereeannensenenncnnns 3 252
Clay, Sandy...eeeeeeteessncanssecessnnnnnnnns 4 256
Sand, fine, free...ccvveieeierenereecrennnenss 8 264
(G375 00000 0nnE cho oL e 3500 Mo 063000G U 264.7
Sand, fine, free.......evvuu.. ATl | 4.1 268.8
(G570 00 I00R o 800 b JEBE 40 B ANAAOE A0 Ao o o .o 269.3
Sand, free.i..eieciieeecnecessecescacscecnnns 2 2013
(Gle8/08000a00 0408 TR G000 0000 0 oot 80 6 000 o TTTT .2 271.5
SaANd. (10t s o = ere s 0 5165 ofofate ofale SYeTele e ool o[s[5To o/ o oo o/ a/s o & 2.5 274
(CIAY/C 0 1o e efolaiabelolete  oloalalaare = o eRolelaloleloke oRelo e ele o e o ol ale 1.4 275.4
Tron Ore . .ueeeeceeeeeieeesnesneacesncennnns .4 275.8
(60 0otigldin aag0 Mand 8 6000000 00 o oo I o9 2A6RT
FBIA 1o 4 k61 » ko o [oolel o oralelare o alatotal alakore o & (sford iafotalate o elete .2 276.9
(€)1570 2 300600 SO L B8O D0 00800 0H0 D e S e oot o 30.4 307.3
Clay, harder....ccviveeereeeorennaecnnsnnnnns 7.9 315.2
Boulder or iron ore......ieveeenienieeneenens .4 315.6
S 520 50666600860 6000.0000 0000000600 608300008 .4 316
Hard............ 548600000000 50000600000 . T TE S .8 316.8
(Gl 7000 0860 anod BOREBEAE S L0000 08080 das A8 B 0s 3.6 320.4
Boulder........ 5d800 366 0000 0O a0 0600000888800 1 321.4
G0 60000 60808000 68888000 00406000 006000880 d 10.6 332
Sand and gravel......cceveeieienncecensnneans 4 336
€700 0050006000000 500 000000000000000000000060 3.8 339.8
Boulder,..ooiiiieieerenneieeeennnnnnneannanns .4 340.2
SO 12 o FoTTe o o o 0 ofolete sa oo JolTeTeTs o AVE